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ABSTRACT 

c 

. 

New measurements w i t h  great ly  i n c r e a s e d  s igna l - to -no i se  
r a t i o  have been m a d e  of t h e  h f s  of t h e  ( 6 ~ 7 s ) ~ P 1 O  state of 
Pb-207. The level c r o s s i n g  w a s  found t o  be a t  Hc= 4661.1(4)G. 
The l i f e t i m e  as de termined  from t h e  wid th  of t h e  l e v e l - c r o s s i n g  
s i g n a l  w a s  T = 5,8(2)  x sec, w h i l e  t h e  v a l u e  o b t a i n e d  f r o m  
t h e  Hanle e f f e c t ,  u s i n g  a ce l l  of s e p a r a t e d  Pb-208, w a s  'r  = 
5.7 ( 2 )  x 10-9 sec. S a t u r a t i o n  o f  t h e  coherence-narrowing e f f e c t  
i n  lead w a s  observed.  The magnitude of t h e  e f f e c t ,  assuming a 
Barrat-type t h e o r y ,  cor responds  t o  a branching  r a t io  t o  t h e  
ground state of  27% a s  compared w i t h  17% o b t a i n e d  from Khokhlovb 
f -va lue  ra t ios ,  A c o l l i s i o n  broadening  cross s e c t i o n  of o = 
1.4(2)  x 10-12 cm2 w a s  observed i n  t h e  h igh  d e n s i t y  r ange  2x10 14 
t o  8 x 1014 atoms/cm3. 

Evidence has  been ob ta ined  f o r  t h e  e x i s t e n c e  o f  a m e t a -  
stable a u t o i o n i z i n g  s t a t e  i n  n i t r o g e n .  T h i s  s tate m a y  be t h e  
6So state  p o s t u l a t e d  a s  a n  e n e r g y  storage mechanism f o r  t h e  p ink  
r e g i o n  of t h e  n i t r o g e n  afterglow, or it may be a new molecu la r  
metastable state. 

With a He-Ne l a s e r  homodyne spectrometer, o b s e r v a t i o n  w a s  
m a d e  f o r  t h e  f i r s t  t i m e  o f  t h e  f requency  spectrum of t h e  t i m e -  
dependent  c o n c e n t r a t i o n  f l u c t u a t i o n  i n  a b i n a r y  l i q u i d  m i x t u r e  
o f  cyclohexane and a n i l i n e  j u s t  above t h e  c r i t i c a l  t empera tu re .  
The f requency  d i s t r i b u t i o n  of t h e  scattered l i g h t  w a s  found t o  
be L o r e n t z i a n  i n  shape as predicted by theory,  The l i n e w i d t h  of 
t h e  scattered r a d i a t i o n  w a s  observed t o  decrease l i n e a r l y  w i t h  
temperature a t  t h e  rate of 200 f 20 cps/OC a t  a forward  scat- 
t e r i n g  a n g l e  8 = 20.5O. The  l i n e w i d t h  also v a r i e d  as  s in28/2.  

Experimental  v e r i f i c a t i o n  h a s  been m a d e  t h a t  p u r e  elec- 
t r i c  f i e l d  level c r o s s i n g s  can be observed .  I n  a d d i t i o n ,  level 
c r o s s i n g s  have been observed  near  z e r o  g a u s s  by t h e  a p p l i c a t i o n  
of a s m a l l  magnet ic  f i e l d  paral le l  t o  t h e  electric f i e l d .  These 
S t a r k  e f f e c t  exper iments ,  carried o u t  i n  t h e  3 P l  s ta te  of  H g , a r e  
i n  agreement w i t h  t h e o r y .  
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Fig.  1. Coincidence t i m e  d i s t r i b u t i o n .  
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I, ATOMIC PHYSICS 

A. PROPERTIES OF THE METASTABLE STATE OF SINGLY- IONIZED HELIUM* 

1. D i r e c t  D e t e c t i o n  of  t h e  Two-Photon Decay Mode 
(M. L i p e l e s ,  R. Novick, N. Tolk)  

Although s o m e  improvements w e r e  m a d e  i n  t h e  c o u n t i n g  

ra tes  o b t a i n e d  from t h e  f a s t  Amperex p h o t o m u l t i p l i e r  t u b e s  dis-  

c u s s e d  i n  t h e  las t  report, 

n o t  be observed despite t h e  i n s t a l l a t i o n  of  new m o r e  stable 

and m o r e  s e n s i t i v e  e l e c t r o n i c  c i r c u i t s .  T h e r e f o r e ,  t h e  Amperex 

t u b e s  w e r e  replaced by t h e  o r i g i n a l  E .M. I. p h o t o m u l t i p l i e r s .  

R e a l  co inc idences  w e r e  r e a d i l y  obse rved  w i t h  t h e s e  t u b e s .  The 

time d i s t r i b u t i o n  o f  t h e  co inc idences  w a s  de te rmined  w i t h  a 

start-stop t h e - t o - p u l s e  h e i g h t  c o n v e r t e r .  

r ea l  co inc idence  s i g n a l s  c o u l d  (1) 

I n  t h e  e l e c t r o n i c  c i r c u i t s  t h e  p u l s e s  are amplified by 

a f a c t o r  of 100 w i t h  a rise time of 2 nsec .  These amplifiers 

l m i t  t h e  o u t p u t  a t  one vo l t  w i t h  no  af ter  p u l s i n g  and v i r t u a l l y  

no  r i n g i n g .  I n  t h i s  w a y  t h e  large dynamic r a n g e  of  p u l s e s ,  re- 

s u l t i n g  f r o m  t h e  l o w  g a i n  per stage i n  t h e  e l e c t r o n  m u l t i p l i e r ,  

is compressed t o  t h e  p o i n t  w h e r e  t u n n e l  diode d i s c r i m i n a t o r s  

may be used.  The d i s c r i m i n a t o r s  used  i n  ou r  system comprise 

t h e  i n p u t  stages o f  a start-stop t ime- to-pulse  h e i g h t  c o n v e r t e r .  

The p u l s e s  from one channe l  are used  t o  s ta r t  a ramp voltage 

and f r o m  t h e  o t h e r  channe l  t o  stop it, t h e r e b y  s p e c i f y i n g  a 

g iven  o u t p u t  p u l s e  h e i g h t .  With t h i s  system c l e a n  time-reso- 

l u t i o n  c u r v e s  have been obtained (F ig .1 ) .  

A set of t h e s e  c u r v e s  a s  a f u n c t i o n  of  t h e  a n g l e  b e t w e e n  

pho to tubes  h a s  been r eco rded .  The p l o t  of  t h e  da ta ,  F ig .2 ,  

shows an  a n g u l a r  dependence having t h e  g e n e r a l  f e a t u r e s  o f  a 
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2 (1 + cos 8 )  v a r i a t i o n  b u t  w i th  s o m e  d i s t o r t i o n  r e s u l t i n g  from 

misal ignment  o f  t h e  b e a m .  U n f o r t u n a t e l y ,  because  of i n s t a b i l -  

i t i e s  i n  f o c u s i n g ,  t h e  beam cannot  be r e l i a b l y  p o s i t i o n e d  w i t h  

respect t o  t h e  d e t e c t o r s .  

Proqram f o r  t h e  n e x t  i n t e r v a l :  W e  w i l l  c o n t i n u e  t r y i n g  

t o  improve angu la r  dependence measurements and w i l l  attempt 

o t h e r  tests t o  r u l e  o u t  t h e  p o s s i b i l i t y  t h a t  t h e  observed co- 

i n c i d e n c e s  r e s u l t  from s p u r i o u s  e f f e c t s ,  

*This r e s e a r c h  w a s  a l s o  suppor t ed  by t h e  N a t i o n a l  A e r o -  

(1)  CRL Q u a r t e r l y  P rogres s  Repor t ,  D e c e m b e r  15, 1964, 

n a u t i c s  and Space Admin i s t r a t ion  under Grant  NsG-360. 

p.3. 

2 . D i r e c t  L i f e t i m e  Measurements 
(S. F i s h e r ,  M. L i p e l e s ,  R.  Novick, N. To lk )  

A s s e m b l y  of t h e  d r i f t  t u b e  and i t s  accessories h a s  begun 

and w i l l  c o n t i n u e  d u r i n g  t h e  n e x t  i n t e r v a l :  new chambers w i l l  

be tested. 

*This r e s e a r c h  w a s  also suppor t ed  by t h e  N a t i o n a l  A e r o -  
n a u t i c s  and Space Admin i s t r a t ion  under Gran t  NsG-360. 

B .  ELECTRIC-FIELD HA- EFFECT 
(W. Happer, A. Khadjavi ,  A. Lur io )  

During t h i s  q u a r t e r  f u r t h e r  s t u d i e s  w e r e  m a d e  of t h e  

f e a s i b i l i t y  of u s i n g  z e r o - f i e l d  l e v e l - c r o s s i n g  t e c h n i q u e s  t o  

measure t h e  Stark s h i f t  of e x c i t e d  atomic states.  E v a l u a t i o n s  

have been m a d e  of t h e  r e l a t i v e  m e r i t s  of level c r o s s i n g  i n  a 

p u r e  electric f i e l d  and of level  c r o s s i n g  i n  p a r a l l e l  electric 

and magnet ic  f i e l d s ,  
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Fig.  3 .  Pure e l e c t r i c - f i e l d  Hanle e f f e c t .  

F igu re  3 shows t h e  expe r imen ta l  d e t a i l s  of t h e  p u r e  

e l e c t r i c - f i e l d  Hanle e f f e c t .  O p t i m u m  s i g n a l  is  o b t a i n e d  when 

b o t h  t h e  i n c i d e n t  and t h e  observed r a d i a t i o n  are polar ized a t  

45' t o  t h e  e lectr ic  f i e l d .  The s i g n a l  a l so  depends on t h e  a n g l e  

between t h e  i n c i d e n t  and detected beams of  l i g h t ,  r e a c h i n g  a 

maximum f o r  forward or back  s c a t t e r i n g  and going  t o  zero a t  90°. 

The form of  t h e  s i g n a l ,  

1 I a  
1 + [ (aE27)/h] ' 

i s  independent  of t h e  a n g l e  between t h e  b e a m s  - i n  c o n t r a s t  t o  

magne t i c - f i e ld  Hanle e f f e c t .  It i s  impor t an t  t o  n o t e  t h a t  i n  

t h e  pu re  e l e c t r i c - f i e l d  level c r o s s i n g  one must know t h e  e f f e c -  

t i v e  l i f e t i m e  of  t h e  e x c i t e d  s ta tes  i n  o r d e r  t o  e x t r a c t  a .  A s  

i s  w e l l  known, t h i s  can be s t r o n g l y  i n f l u e n c e d  by coherence 

narrowing and c o l l i s i o n s .  B y  u s e  of t h e  accepted l i f e t i m e  for  

t h e  P s t a t e  of  mercury and our p u r e  e lectr ic-f ie ld  Hanle 3 (1) 
1 

/! 
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I .  , 

e f f e c t  d a t a ,  t h e  va lue  of a ob ta ined  is  abou t  h a l f  t h a t  measured 

by Blamont. 

l i f e t i m e  or t o  t h e  presence  of uncance l l ed  magnet ic  f i e l d s  . 
T h i s  may be due t o  u n c e r t a i n t y  i n  t h e  e f f e c t i v e  

I n  o r d e r  t o  avo id  compl ica t ions  due t o  changes i n  t h e  

e f f e c t i v e  l i f e t i m e  of  t h e  e x c i t e d  s t a t e s ,  paral le l  electric and 

magnet ic  f i e l d s  have been used, The geometry is  shown i n  F ig .  4. 

A cell  c o n t a i n i n g  t h e  sample t o  be s t u d i e d  w a s  i l l u m i n a t e d  w i t h  

resonance  r a d i a t i o n  a long  t h e  y a x i s  and s u b j e c t e d  t o  a x i a l  

electric and magnet ic  f i e l d s .  A n a l y s i s  of t h e  d a t a  showed t h e  

p re sence  of some odd-isotope c r o s s i n g s  as w e l l  as  t h e  even- 

isotope c r o s s i n g s .  The i n t e n s i t y  of  scattered resonance  r a d i a -  

t i o n  a long  t h e  x a x i s  is given by: ( 2 )  

- $ s i n  2 8  s i n  28 2 2 1 
a s i n  0 s i n  p - 

1 + [ ( 2 6 H ) / l 7 I 2  even 
I 

(OH - A W ) / l -  
2 

+ (6H + A W ) / r  

1 + [ ( 6 H  + A u , ) / r l 2  1 + [ ( 6 H  - Aw)/17]  

1 

1 + [ ( 2 6 H  - A w ) / 2 I 2  
+ 2 2 1 

a s i n  0 s i n  fl { 1 + [ ( 2 6 H  + Liti)/ l- l2 'odd 

H e r e  0 and fl are t h e  p o l a r i z a t i o n s  of t h e  i n c i d e n t  and s c a t t e r e d  

l i g h t  r e s p e c t i v e l y ,  and 6H = ( l / h )q?  H and Aw = ( l / h ) a E  2 are 
0 

t h e  Zeeman and S t a r k  e n e r g i e s .  Our r e s u l t s  i n d i c a t e  a v a l u e  

f o r  t h e  S t a r k  s h i f t  of t h e  P s t a t e  of  mercury of 3 
1 
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2 2 a/h = 1790 i 270 c m  /sec(kV) 

1 -  

t -  

A t  p r e s e n t  we a r e  improving our  expe r imen ta l  arrangement  

t o  o b t a i n  more a c c u r a t e  valt les f o r  t h e  mercury S t a r k  s h i f t .  

F u r t h e r ,  we are t r y i n g  v a r i o u s  d e s i g n s  of cells f o r  C d  and Zn. 

W e  p l a n  t o  ex tend  t h i s  experiment  t o  a l k a l i s  i n  t h e  f u t u r e .  

(1) J. E, Blamont, Ann. Phys. ( P a r i s )  - 2 ,  551 (1957) .  
( 2 )  M. E,  R o s e  and R .  L. C a r o v i l l a n o ,  Phys, R e v .  122, 

1185 (1961) .  

C. FINE STRUCTURE OF SINGLY-IONIZED LITHIUM* 
(W. Kahan, T. L u c a t o r t o ,  R. Novick) 

3 
P r e l i m i n a r y  t o  measuring t h e  f i n e  s t r u c t u r e  of t h e  2 P 

state of s ing ly - ion ized  l i t h i u m ,  our e f f o r t s  have been devoted 

t o  measuring t h e  Zeeman h f s  of t h i s  s ta te  by a r e sonance  method. 

The predicted s igna l - to-noise  r a t io  f o r  such  a r e sonance  is t h e  

order of u n i t y .  The i n t e r a c t i o n  between t h e  e l e c t r i c - f i e l d  com-  

ponent  of t h e  radio-frequency r a d i a t i o n  and t h e  plasma h a s  pre- 

ven ted  u s  so f a r  from observ ing  any Zeeman l i n e s .  During t h i s  

q u a r t e r  we i n s t a l l e d  and t e s t e d  a new r f  loop which e n c l o s e s  t h e  

i n t e r a c t i o n  r e g i o n  i n  an  e q u i p o t e n t i a l  box of silver. T h i s  de- 

s i g n  is i n t e n d e d  t o  r educe  t h e  r f  e lectr ic  f i e l d  w i t h o u t  any 

r e d u c t i o n  i n  t h e  r f  magnet ic  f i e l d .  P r e l i m i n a r y  tests w i t h  hy- 

drogen i n d i c a t e  t h a t  t h i s  des ign  s u c c e s s f u l l y  e l i m i n a t e s  objec- 

t i o n a b l e  plasma e f f e c t s .  I t  h a s  been n e c e s s a r y  t o  b u i l d  a 

molybdenum replacement  t o  t h i s  loop, because  a t  a n  o p e r a t i n g  

t empera tu re  of 400° C ,  which i s  n e c e s s a r y  t o  p r e v e n t  l i t h i u m  

condensa t ion ,  t h e  l i t h i u m  amalgamated w i t h  t h e  silver and  pro- 

duced a s t r u c t u r a l  f a i l u r e .  Although t h e  r e s u l t i n g  damage t o  

t h e  system h a s  t e m p o r a r i l y  curtailed o u r  wmk w i t h  l i t h i u m ,  an 

i n t e n s i v e  program w i l l  resume i n  about  t w o  weeks. 

I 
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Proqram f o r  t h e  n e x t  i n t e r v a l :  By u s e  of t h e  new t y p e  

of r f  sou rce ,  obse rva t ion  of t h e  r f  induced Zeeman h f s  t r a n -  

s i t i o n s  i s  a n t i c i p a t e d .  I f  t h i s  source  produces an  e lectr ic-  

f i e l d  component which, a l t h o u g h  much s m a l l e r  t h a n  t h e  p r e v i o u s  

s o u r c e ,  s t i l l  produces u n d e s i r e d  plasma re sonances ,  we  s h a l l  

i n v e s t i g a t e  a d d i t i o n a l  methods f o r  e l i m i n a t i n g  t h i s  e f f e c t .  

If w i t h  t h e  above improvements t h e  Zeeman h f s  l i n e s  are 

n o t  found, we s h a l l  t u r n  our a t t e n t i o n  t o  development of  t h e  

necessa ry  microwave equipment (60-90 kMc) t o  produce r a d i a t i o n  

s u i t a b l e  f o r  inducing f i n e  s t r u c t u r e  t r a n s i t i o n s .  H e r e  t h e  

probabi l i ty  f o r  s u c c e s s  i s  much h igher  s i n c e  a r e sonance  w i l l  

be accompanied by a greater  change i n  p o l a r i z a t i o n .  

*This r e s e a r c h  w a s  a l s o  suppor t ed  by t h e  N a t i o n a l  A e r o -  
n a u t i c s  and Space Admin i s t r a t ion  under Gran t  NsG-360, 

D.  METASTABLE AUTOIONIZING ATOMS 
(L. M. B l a u ,  P .  Feldman, M. L e v i t t ,  R .  Novick, G .  S p r o t t )  

1. Metastable A l k a l i  A t o m s  

t h e  r e s u l t s  w e r e  (1) I n  t h e  p r e v i o u s  Q u a r t e r l y  Report 

g iven  of  a Stern-Gerlach t y p e  o f  experiment  on metastable 

potassium atoms. S ince  t h e n ,  t h e  d e f l e c t i n g  magnet h a s  been 

ca l ibra ted  a n d  t h e  s a m e  experiment  r u n  on metastable cesium 

atoms. 

C a l i b r a t i o n  w a s  accomplished by measuring t h e  def lec- 

t i o n  of  ground-s ta te  *S 

detector.  A t  moderately h igh  magnet ic  f i e l d s ,  t h e  t w o  magnet ic  

components (M = *$) i n  t h e  b e a m  appeared  as  comple te ly  sepa- 

rated peaks  symmetr ica l ly  spaced abou t  t h e  c e n t e r  of t h e  

potassium atoms w i t h  a movable hot-wire % 

J 
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u n d e f l e c t e d  b e a m .  The da ta  w e r e  f i t t e d  t o  t h e  c a l c u l a t e d  de- 

f l e c t e d  b e a m  p r o f i l e s  i n  order  t o  de termine  t h e  v a l u e  of  t h e  

m a g n e t i c  f i e l d  g r a d i e n t  as a f u n c t i o n  of magnet c u r r e n t .  The 

maximum g r a d i e n t  o b t a i n e d  was 1.0 x 10 G/cm. 5 

U s e  of t h i s  c a l i b r a t i o n  t o  i n t e r p r e t  t h e  data on 

potass ium showed t h a t  t h e  observed Stern-Ger l a c h  p a t t e r n  c o u l d  

n o t  be f i t  by assuming a s i n g l e  magnet ic  s u b l e v e l  t o  be t h e  

dominant component of t h e  beam. The ave rage  v a l u e  of a magnet ic  

moment which would g i v e  t h e  same b e a m  wid th  a t  half-maximum in -  

t e n s i t y  as  t h e  observed  da ta  is about  3 Bohr magnetons. M o r e -  

over, t h i s  average va lue  appears  t o  be larger a t  t h e  h i g h e s t  

f i e l d  g r a d i e n t s  possible. T h i s  la t ter  e f f e c t  may be instrumen- 

t a l  s i n c e  a t  v e r y  h igh  f i e l d s  t h e  Zeeman quenching is of t h e  

order of 80% and t h e  s igna l - to -no i se  r a t i o  i s  v e r y  poor. I n  

any case, t h e  data remain c o n s i s t e n t  w i t h  t h e  ass ignment  of t h e  

state as  (3p 4s3d)  F 

e n t i a 1  m e t a s t a b i l i t y .  

and w i t h  t h e  c h a r a c t e r i s t i c  of d i f f e r -  5 4 
9 /2 

The Stern-Gerlach p a t t e r n  of  metastable cesium a t o m s  

w a s  a l s o  measured i n  an attempt t o  de te rmine  t h e  n a t u r e  o f  t h e  

t w o  observed  t h r e s h o l d s .  A s  no ted  b e f o r e ,  one of t h e s e  peaks 

co r re sponds  t o  a s t a t e  w i t h  a l i f e t i m e  ;r40 psec, w h i l e  t h e  o t h e r  

h a s  a n  a p p a r e n t  l i f e t i m e  greater t h a n  1 m s e c  ( t h e  upper  l i m i t  o f  

s e n s i t i v i t y  t o  change i n  s i g n a l  as  a f u n c t i o n  o f  d i s t a n c e  from 

t h e  s o u r c e ) .  Other exper iments  i n d i c a t e  t h a t  t h i s  la t ter  s i g n a l  

arises from photons ,  and i n  t h e  p r e s e n t  exper iment  no d e f l e c t i o n  

w a s  observed  a t  t h e  h i g h e s t  f i e l d  g r a d i e n t s .  A l t e r n a t i v e l y ,  t h e  

o t h e r  s t a t e  did produce a n  observed d e f l e c t i o n ,  though n o t  a s  

l a r g e  as for t h e  cor responding  g r a d i e n t s  i n  t h e  case o f  potas- 

sium. The i n t e r p r e t a t i o n s  of t h e  d a t a  from cesium s t i l l  remain 

an open q u e s t i o n .  
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A t  p r e s e n t ,  an  exper iment  t o  measure h f s  i n  t h e  

l o n g e r - l i v e d  a l k a l i  metastable s t a t e s  by means of a Rabi-type 

rad io- f requency  t echn ique  is b e i n g  des igned .  T h i s  exper iment  

shou ld  y i e l d  p o s i t i v e  i d e n t i f i c a t i o n  of a l l  o f  t h e  observed 

metastable s t a t e s  t o  date and  perhaps  provide a d e f i n i t i v e  ex- 

p l a n a t i o n  o f  t h e  cesium data. 

2 .  Rf Spectroscopy 

I n  t h e  l a s t  Q u a r t e r l y  P r o g r e s s  R e p o r t  ( 2 )  it w a s  

s ta ted  t h a t  t h e  p r e v i o u s l y  u n s u c c e s s f u l  s e a r c h  f o r  Zeeman t r a n -  

s t a t e  of  Li7  would be extended  t o  4 
5/2 

s i t i o n s  i n  t h e  ( l s 2 s 2 p )  P 

f i e l d s  o f  s e v e r a l  k i l o g a u s s ,  b e f o r e  a t t e m p t i n g  t o  observe direct  

hype r f ine  t r a n s i t i o n s .  A subsequent  e x t e n s i o n  of our  t h e o r e t -  

i ca l  r e s u l t s  h a s  i n d i c a t e d ,  however, t h a t  t h e  l a t te r  experiment  

i s  more f e a s i b l e .  T h i s  is  due t o  t h e  fo l lowing  c o n s i d e r a t i o n s .  
( 3 )  A s i m p l i f i e d  t h e o r y  w a s  p o s t u l a t e d  f o r  an  experiment  

i n  which t h e  metastable beam w a s  quenched by p a s s i n g  it through 

modera te ly  s t r o n g  magnet ic  f i e l d s  (up t o  18 kG) . T h i s  gave an  

approximate expres s ion  fo r  t h e  l i f e t i m e  o f  e a c h  metastable s ta te  

i n  t e r m s  o f  t h e  ampl i tudes  of i t s  J = 5 / 2 ,  3/2 and 1/2 components. 

T h i s  r e s u l t ,  coupled  w i t h  t h e  in fo rma t ion  t h a t  even a t  3 kG, t h e  

r e l a t i v e  J=3/2 admixtures  of a d j a c e n t  Zeeman levels  d i f f e r  by 

o n l y  one p a r t  i n  10  , i n d i c a t e d  t h a t  t h e s e  Zeeman levels o f  t h e  5 

s t a t e  have u n d e t e c t a b l y  d i f f e r e n t  l i f e t i m e s .  Considera-  
5/2 

4P 

t i o n  of Zeeman t r a n s i t i o n s  a t  much h ighe r  magnet ic  f i e l d s  re- 

q u i r e s  a d i f f i c u l t  a l t e r a t i o n  of  t h e  Bendix m u l t i p l i e r  or t h e  

i n s t a l l a t i o n  of a new detector.  

h y p e r f i n e  s ta te  w i t h  
5 /2 

On t h e  o t h e r  hand, each  4P 

quasi-good quantum number F=3 w a s  found t o  have a 2% admixture  

of J = 3 / 2 ,  which w a s  r e l a t i v e l y  independent  of  magnetic-f i e l d  



i -- 

I "- 

v a l u e  or t r i a l  wave f u n c t i o n .  These states w e r e  predicted t o  

have a p p r e c i a b l y  d i f f e r e n t  l i f e t i m e s  (about  10%) from F=4 s t a t e s ,  

which a r e  p u r e  J=5/2. The u n c e r t a i n t y  i n  t h e  h y p e r f i n e  sp l i t -  

t i n g  f o r  states of t h e  s a m e  M cor re spond ing  t o  a r e a s o n a b l e  

r a n g e  of  L i  wave  f u n c t i o n s ,  is abou t  0.3 G c .  For e a c h  wave 

f u n c t i o n  used ,  however, t h e  d i f f e r e n c e  i n  t h e  s p l i t t i n g  between 

t w o  d i f f e r e n t  pairs o f  h y p e r f i n e  states having M =M and %=M *l, 

respectively, i s  o n l y  100 M c .  To r educe  t h e  t i m e  needed t o  

s e a r c h  through such  a 100-Mc-wide r e g i o n ,  it is p lanned  t o  broad- 

e n  t h e  o u t p u t  spectrum of a n  E i m a c  X-1149 re f lex  k l y s t r o n  t o  

abou t  a 10-Mc wid th  b y  u s i n g  a Genera l  R a d i o  1390-B random n o i s e  

g e n e r a t o r .  The necessa ry  microwave c i r c u i t r y  i s  p r e s e n t l y  b e i n g  

b u i l t .  

F '  

F 

C a l c u l a t i o n s  also i n d i c a t e  t h a t  t h e  decrease i n  t h e  

t o t a l  metastable s i g n a l  a t  resonance  w i l l  be comparable t o  t h e  

e x p e r i m e n t a l l y  observed no i se  l e v e l .  To observe s u c h  r e sonances ,  

t h e  t ime c o n s t a n t  of  t h e  p r e s e n t l y  u s e d  lock- in  a m p l i f i e r  h a s  

been i n c r e a s e d  t o  100 seconds. Work h a s  a lso begun on o b t a i n i n g  

s u i t a b l e  p u l s e s  f r o m  t h e  Bendix m u l t i p l i e r  i n  o r d e r  t o  c o u n t  t h e  

i n d i v i d u a l  metastables, Th i s  work w i l l  be a c t i v e l y  pu r sued  dur- 

i n g  t h e  n e x t  q u a r t e r .  

3 .  The Sextet Ni t rogen  A t o m  

The p o s s i b i l i t y  o f  metastable a u t o i o n i z i n g  a t o m i c  

s tates i n  a t o m s  o t h e r  t h a n  t h e  a l k a l i s  w a s  c o n s i d e r e d  previous-  

The g e n e r a l  requi rement  f o r  such  a s t a t e  i s  t h a t  it (4) 
1 Y  - 
shou ld  l i e  above t h e  i o n i z a t i o n  p o t e n t i a l  and have a m u l t i p l i c i t y  

( t o t a l  s p i n  quantum number) greater t h a n  t h a t  of any of t h e  nor- 

m a l  a tomic states of t h e  atom. Moreover, e x c i t a t i o n  shou ld  n o t  

r e q u i r e  a double  electron impact from t h e  ground s t a t e  as  t h i s  

would g r e a t l y  r educe  t h e  p roduc t ion  cross section. 

1 3  



A p a r t i c u l a r  case of i n t e r e s t  i n  connec t ion  w i t h  t h e  

a f t e r g l o w  produced by an  e l ec t r i ca l  d i s c h a r g e  i n  n i t r o g e n  is  

t h e  S s t a t e  o f  t h e  ( 2 s 2 p  3p) c o n f i g u r a t i o n .  T h i s  s t a t e  h a s  

a s  a possible energy  storage mechanism and been p o s t u l a t e d  

h a s  been p r e d i c t e d  t o  l i e  a t  17.2 eV, 1 .6  e V  above t h e  i o n i z -  

a t i o n  p o t e n t i a l  of n i t r o g e n .  T o  date t h e r e  has  been no  exper- 

imen ta l  evidence ( 6 )  t o  s u p p o r t  t h i s  h y p o t h e s i s ,  even though a 

second "cr i t i ca l  p o t e n t i a l "  for i o n i z a t i o n  of n i t r o g e n  molecules  

6 0  3 

(5) 

+ 
w a s  observed  t o  r e s u l t  from c o l l i s i o n s  of N i o n s  on n e u t r a l  2 

(7) 
N2 

The a p p a r a t u s  w a s  modi f ied  t o  a l l o w  molecular  n i t r o -  

gen t o  e n t e r  t h e  system through a G r a n v i l l e - P h i l l i p s  variable 

l eak .  A copper tube  connec t s  t h e  gas i n l e t  w i t h  t h e  w e l l  o f  

2 t h e  oven used i n  t h e  a l k a l i  exper iments  so t h a t  a b e a m  of N 

has  t h e  s a m e  geometry a s  p r e v i o u s l y ,  An e x c i t a t i o n  f u n c t i o n ,  

shown i n  F ig .  5 ,  w a s  o b t a i n e d  u s i n g  a 100-kc h e a t e d  t u n g s t e n  

f i l a m e n t  and t h e  mod i f i ed  Bendix e l e c t r o n  m u l t i p l i e r  detector. 

Thresholds  a t  d 0  e V  and -30 e V  w e r e  observed.  A l l o w i n g  9.8 e V  

f o r  d i s s o c i a t i o n  ene rgy ,  t h e  l a t te r  cou ld  cor respond t o  t h e  

metastable s e x t e t  s ta te .  

The s i g n a l  above 30 e V  w a s  found t o  be s h a r p l y  reduced  

by a moderate e lectr ic  f i e l d  placed j u s t  i n  f r o n t  of  t h e  detec- 

tor  t r a n s v e r s e  t o  t h e  beam p a t h .  A cu rve  of  observed s i g n a l  v s  

v o l t a g e  applied a c r o s s  t h e  t w o  d e f l e c t i n g  p l a t e s  is  shown i n  

F ig .  6.  

W h i l e  t h e  e lectr  ic-f  i e l d  quenching w a s  q u i t e  unexpect-  

ed (a  s m a l l  amount o f  quenching w a s  a l s o  observed w i t h  a s t r o n g  

e x t e r n a l  magnetic f i e l d ) ,  it i s  n o t  a t  a l l  i n c o n s i s t e n t  w i t h  t h e  

14 
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properties of t h e  s e x t e t  s t a t e .  I n  f a c t ,  on t h e  basis of a f t e r -  

glow s t u d i e s ,  t h e  expec ted  l i f e t i m e  of t h e  s t a t e  is  of  t h e  order 

of m i l l i s e c o n d s  so t h a t  i n  t h e  p r e s e n t  a p p a r a t u s  v e r y  f e w  m e t a -  

stable a t o m s  would a u t o i o n i z e  and be d e t e c t e d .  I f  , however, t h e  

s ta te  is quenched a t  moderate electric f i e l d s ,  t h e n  t h e  detector 

i t s e l f  w i l l  quench a t o m s  i n  t h i s  s t a t e  and t h e  decay p r o d u c t s  

w i l l  be readi ly  observed .  An a t t e m p t  t o  u s e  t h e  movable detec- 

tor  c o n s i s t i n g  of  a s i n g l e  c o l l e c t i n g  plate  biased a t  -50 V w a s  

u n s u c c e s s f u l ,  p robably  because of  t h e  s m a l l  magnitude of t h e  

electric f i e l d .  

The l o w  energy  t h r e s h o l d  h a s  been i d e n t i f i e d  as  t h e  

(*) The s i g n a l  metastable a and A Z molecular  states. 
1 3 +  

g U 

a r i s e s  from Auger e l e c t r o n s  produced b y  c o l l i s i o n  of a s m a l l  

f r a c t i o n  of  t h e  metastable molecules  w i t h  t h e  s u r f a c e s  i n  t h e  

detector. The i d e n t i f i c a t i o n  w a s  m a d e  from data t a k e n  w i t h  a n  

oxide-coated ca thode  i n s t e a d  of t h e  t u n g s t e n  f i l a m e n t  i n  order 

t o  o b t a i n  an  energy  r e s o l u t i o n  of  less t h a n  0.4 eV, and  compar- 

i s o n  w a s  m a d e  w i t h  t h e  pub l i shed  e x c i t a t i o n  c u r v e  o f  L ich ten .  (8) 

Proqram f o r  t h e  nex t  i n t e r v a l :  The data t a k e n  t o  date 

do n o t  provide c o n c l u s i v e  evidence f o r  t h e  s e x t e t  n i t r o g e n  a t o m ,  

and i n  f a c t  t h e  s i g n a l  may i n d i c a t e  t h e  e x i s t e n c e  of  a n  au to-  

i o n i z i n g  molecular  state. A m a s s  spectrometer which w i l l  a n a l y z e  

o n l y  i o n s  r e s u l t i n g  from a u t o i o n i z a t i o n  i s  b e i n g  i n s t a l l e d  i n  an  

a t t e m p t  t o  solve t h i s  problem. A l s o ,  t h e  u s e  of an  oxide-coated 

ca thode  now p e r m i t s  measurements of t h e  t h r e s h o l d  e n e r g i e s  of 

t h e  p r e v i o u s l y  observed  m e t a s t a b l e  state i n  t h e  a l k a l i s  t o  wi th -  

i n  0.2 e V ,  and t h e  a b s o l u t e  ene rgy  can  be de termined  by C a l i -  

b r a t i o n  w i t h  t h e  known e n e r g i e s  of t h e  molecular  metastable 

states of n i t r o g e n .  
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E .  HYPERFINE STRUCTURE OF GROUP I I A  ISOTOPES* 
( R .  J. Goshen, R .  Novick, M.  Swagel) 

Another n a t u r a l  barium ce l l  w a s  tested d u r i n g  t h i s  
1 1 q u a r t e r .  The m a x i m u m  6 P - 6 S t r a n s i t i o n  Han le  e f f e c t  s i g n a l  

w a s  obtained w i t h  S/N = 1000 a t  a tempera ture  of  6OO0C, w h i l e  

t h e  maximum 6 P - 6 S t r a n s i t i o n  Hanle e f f e c t  s i g n a l  w a s  ob- 

served w i t h  S/N = 2 a t  a tempera ture  o f  75OoC. 

r u n  i n  June  1964, t h e  maximum s i n g l e t  t r a n s i t i o n  Hanle e f f e c t  

s i g n a l  w a s  ob ta ined  a t  400'C and t h e  t r i p l e t  Hanle e f f e c t  s i g n a l  

a t  600"'C. 

1 0 

3 1 
1 0 

I n  our previous 

The magnesium ox ide  windows became c louded  w i t h  barium 

a f t e r  s e v e r a l  hour s  of  o p e r a t i o n  a t  a c e l l  temperature  of  about  

60OoC. The windows are h e a t e d  on ly  on t h e i r  edges, where t h e y  

touch  t h e  ho t  m e t a l  c e l l .  Magnesium oxide i s  a poor conductor 

of h e a t ,  and t h e  windows are consequent ly  much colder than  t h e  

m e t a l  c e l l  body. It w a s  suspec ted  t h a t  t h e  o b s c u r a t i o n  cou ld  

18 



be reduced  by a n  improved method of h e a t i n g  t h e  windows. 

f o r e ,  a l a t t i ce  s t r u c t u r e  has  been added t o  each of t h e  window 

f l a n g e s  t o  p rov ide  r a d i a t i v e  h e a t i n g  over t h e  e n t i r e  f a c e  of t h e  

c r y s t a l  windows (F ig .  7 ) .  

There-  

Mgo \ 

I -  

Fig .  7. L a t t i c e d  window f l a n g e .  

Another barium ce l l  is now b e i n g  p r e p a r e d  and  w i l l  be 

t e s t e d  s h o r t l y -  

r e a c t i n g  w i t h  barium a t  6 0 O o C ;  t h e r e f o r e  t h e  u s e  of  molybdenum 

w a s  d i s c o n t i n u e d .  An improved s t a i n l e s s - s t e e l  305 ce l l  is b e i n g  

c o n s t r u c t e d .  T h i s  ce l l  should have a better vacuum seal t h a n  

t h e  p r e v i o u s  cells. 

n e t i c  p e r m e a b i l i t y  of less than  1.01 even a f t e r  c o n s i d e r a b l e  

machining. 

It was thought  t h a t  t h e  molybdenum c e l l  w a s  

A l s o  t h e  305 s t a i n l e s s  steel  r e t a i n s  a mag- 

Proqram for t h e  nex t  i n t e r v a l :  The n a t u r a l  bar ium 

c e l l  now be ing  prepared w i l l  be tested. 

t u a t i o n s  are l i m i t i n g  t h e  S / N  r a t i o  i n  t h e  exper iment .  A t i t a n -  

ium t r a p  h a s  been i n s t a l l e d  i n  t h e  argon gas-handl ing  par t  o f  

t h e  hol low ca thode  lamp t o  improve s t a b i l i t y  and is  now b e i n g  

A t  p r e s e n t ,  lamp f l u c -  
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t e s t e d .  The n e x t  barium c e l l  w i l l  have t h e  l a t t i c e d  window 

f l a n g e s .  

I 

*This r e s e a r c h  w a s  a l s o  suppor t ed  by  t h e  N a t i o n a l  
Aeronau t i c s  a n d  Space Admin i s t r a t ion  under Gran t  NsG-360. 

F. FINE AND HYPERFINE STRUCTURE OF THE 3~ STATE OF ~ i ~ *  
(R.  C .  Isler, S .  Marcus, R .  Novick) 

During t h i s  q u a r t e r ,  t h e  work toward a h ighe r  pre- 
7 c i s i o n  measurement o f  t h e  f i n e  s t r u c t u r e  of t h e  3P s t a t e  of Li 

w a s  cont inued .  Our major e f f o r t  w a s  directed t o w a r d  improving 

t h e  homogeneity of t h e  magnet ic  f i e l d .  By means of p a i n s t a k i n g l y  

a d j u s t i n g  t h e  spac ing  of  t h e  pole p i e c e s ,  a homogeneity better 

t h a n  1 part  i n  1 0  over  a r e g i o n  2 i n .  x 2 i n .  x 1 i n .  (1 i n .  

i n  t h e  d i r e c t i o n  pa ra l l e l  t o  t h e  magnet ic  f i e l d )  w a s  ob ta ined .  

5 

I n  an  a t t e m p t  t o  improve t h e  s t a b i l i t y  of  t h e  m a g -  

n e t i c  f i e l d ,  a h i g h - s t a b i l i t y  Magnion power supply  HS-1365B w a s  

purchased.  Pre l iminary  tests i n d i c a t e  a shor t - te rm magnetic- 

f i e l d  s t a b i l i t y  of a few p a r t s  per m i l l i o n ,  a s i g n i f i c a n t  i m -  

pr ovement . 
A study w a s  made t o  de termine  t h e  optimum v a l u e  of 

modulat ion c u r r e n t .  An r m s  c u r r e n t  o f  0.4 A w a s  found t o  give 

maximum s i g n a l  r e s o l u t i o n  w i t h  no s e r i o u s  loss i n  s i g n a l - t o -  

n o i s e  r a t i o .  

Proqram f o r  t h e  n e x t  i n t e r v a l :  W e  p l a n  t o  c o n t i n u e  

our e f f o r t s  t o w a r d  a p r e c i s i o n  measurement o f  t h e  f i n e  s t r u c -  

t u r e  of t h e  3P s t a t e  of  L i 7  and t o  con t inue  t h e  s t u d y  o f  t h e  

S t a r k  e f f e c t .  

* T h i s  work w a s  a l so  suppor t ed  by  t h e  N a t i o n a l  A e r o -  
n a u t i c s  and Space Admin i s t r a t ion  under Grant  NsG-360. 
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G - ELECTRON SCATTERING SPECTROMETER 
(P. Feldman A .  T. Kung, R.  Novick) 

a new exper -  (1) I n  a p r e v i o u s  Q u a r t e r l y  P r o g r e s s  Report 

i m e n t a l  program f o r  t h e  s tudy of r e sonances  i n  t h e  e las t ic  scat- 

t e r i n g  cross s e c t i o n s  of atoms w a s  d e s c r i b e d .  The o r i g i n a l  

expe r imen ta l  arrangement  w a s  des igned  a b o u t  an electrostatic 

e l e c t r o n  t rap which would p e r m i t  a n a l y s i s  of e l e c t r o n s  scattered 

f r o m  a beam of a t o m i c  hydrogen. 

Toward t h e  end of  1964,  t h e  m o t i v a t i o n  f o r  per forming  
(2 1 t h e  exper iment  w i t h  a t o m i c  hydrogen w a s  removed. Schulz  

r e p o r t e d  t h e  o b s e r v a t i o n  of a weak r e sonance  i n  H a t  abou t  

9.6 e V ,  and t h e  d i s c r e p a n c y  i n  t h e o r e t i c a l l y  predicted v a l u e s  

f o r  t h i s  resonance  w a s  also resolved. Hence t h e  need for a n  

electrostatic e l e c t r o n  t rap,  t h e  m o s t  d i f f i c u l t  e x p e r i m e n t a l  

problem i n  t h i s  project, w a s  obviated. The p r e s e n t  e x p e r i m e n t a l  

d e s i g n  a c h i e v e s  a large s c a t t e r i n g  volume and l o n g  e l e c t r o n  t i m e -  

o f - f l i g h t  by means of a long  p a t h  l e n g t h  (4 t o  2 m )  from elec- 

t r o n  source t o  detector. A vapor of  t h e  ma te r i a l  under  

i n v e s t i g a t i o n  w i l l  f i l l  t h e  e n t i r e  volume o f  t h e  a p p a r a t u s .  

Energy a n a l y s i s  of t h e  e l e c t r o n  beam w i l l  be accomplished by a 

measurement of t h e  s p r e a d  i n  a r r i v a l  t i m e  a t  t h e  detector of an 

i n i t i a l l y  narrow (d n s e c )  e l e c t r o n  p u l s e  - 

electrostatic a n a l y z e r  spectrometers ( 3 )  is  i ts  i n s e n s i t i v i t y  

t o  e l emen t s  such a s  t h e  a l k a l i s  or t h e  a l k a l i n e  e a r t h s  which 

a f f e c t  t h e  s u r f a c e  p o t e n t i a l s  and hence t h e  energy  r e s o l u t i o n  

of e lectrostat ic  d e v i c e s .  The  t e c h n i c a l  d i f f i c u l t y  i n  con- 

s t r u c t i n g  a t i m e - o f - f  l i g h t  appa ra tus  arises i n  t h e  fo rma t ion  

and d e t e c t i o n  of very s h o r t  e l e c t r o n  p u l s e s ,  b u t  t h i s  should  

The advantage  of a t ime-o f - f l i gh t  spectrometer over 

: -*  
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l i e  w i t h i n  t h e  p r e s e n t  s t a t e  o f  t h e  a r t  of  p u l s e d  e l e c t r o n i c s  

t e c h n i q u e s  

A large number of exper iments  may be performed w i t h  t h e  

a p p a r a t u s  now be ing  des igned .  These inc lude :  1) resonances  i n  

t h e  e l a s t i c  s c a t t e r i n g  cross s e c t i o n  due t o  n e g a t i v e  i o n  f o r -  

mat ion i n  t h e  a l k a l i s ,  a l k a l i n e  e a r t h s ,  and Group I1 e lemen t s  

such as  z i n c ,  cadmium, and mercury: 2 )  i n e l a s t i c  e x c i t a t i o n  of 

ve ry  s h o r t - l i v e d  a u t o i o n i z i n g  s t a t e s  i n  t h e s e  s a m e  e lements :  

3 )  i n e l a s t i c  e x c i t a t i o n  of v a r i o u s  v i b r a t i o n a l  levels i n  e x c i t e d  

e l e c t r o n i c  s ta tes  of molecules  from which p o t e n t i a l  energy 

c u r v e s  of t h e s e  s ta tes  may be deduced: 4 )  i n e l a s t i c  e x c i t a t i o n  

of a u t o i o n i z i n g  e l e c t r o n i c  s ta tes  i n  molecules .  

v i o u s l y  described'') i s  b e i n g  assembled t o  a l l o w  for  t e s t i n g  o f  

v a r i o u s  pu l sed  e l e c t r o n  sources .  A long  s t a i n l e s s - s t e e l  d r i f t  

t ube  and t h e  e l e c t r o n i c  c i r c u i t r y  are be ing  designed.  Calcu- 

l a t i o n s  are  i n  p r o g r e s s  t o  determine t h e  maximum energy  reso- 

l u t i o n  p o s s i b l e  under normal expe r imen ta l  c o n d i t i o n s .  

p. 23. 

Proqram f o r  t h e  n e x t  i n t e r v a l :  The vacuum system pre- 

(1)CRL Q u a r t e r l y  P r o g r e s s  Repor t ,  September 15,  1964, 

( 2 ) G .  J. Schu lz ,  B u l l .  Am. Phys. SOC. 10, 184 ( 1 9 6 5 ) .  
(3)G. J. Schu lz ,  Phys. R e v .  125, 2 2 9  ( 1 9 6 2 ) .  

H. ELECTRIC DIPOLE MOMENT OF THE CESIUM ATOM 
(E.  Lipworth,  P .  G .  H. Sandars )  

The a p p a r a t u s  r e f e r r e d  t o  i n  t h e  p r e v i o u s  progress re- 

port  i s  now complete .  Resonances have been observed i n  cesium 

i n  g l a s s  and q u a r t z  b u l b s  w i t h  v a r i o u s  w a l l  c o a t i n g s  and a l so  

i n  uncoated  g l a s s  b u l b s  f i l l e d  w i t h  a neon b u f f e r  gas. 

Se r ious  d i f f i c u l t i e s  have been encountered .  When a 

2 2  
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20-cps electric f i e l d  of magnitude ~ 2 0 0 0  V/cm is  applied 

across t h e  gas-f i l l e d  ce l l s  t h e  resonance  immediately d i sap -  

pears, presumably because  a s u r f a c e  f i l m  of  cesium is  b u r n t  o f f  

t h e  g l a s s  w a l l s  by o s c i l l a t i n g  s u r f a c e  c u r r e n t s .  The w a l l s  t h e n  

act  as a pump f o r  cesium atoms, lowering t h e  e f f e c t i v e  cesium 

d e n s i t y  i n  t h e  bulb .  The resonance can  be b rough t  back by hea t -  

i n g  t h e  b u l b  and ma in ta ined  even i n  t h e  p r e s e n c e  o f  t h e  electric 

f i e l d ,  b u t  gas breakdown p r e v e n t s  t h e  application of a f i e l d  

large enough t o  obse rve  even t h e  q u a d r a t i c  S t a r k  s h i f t  between 

t h e  cesium Zeeman levels. 

Even m o r e  u n p l e a s a n t  e f f e c t s  occur  i n  vacuum b u l b s  w i t h  

c o a t e d  w a l l s .  W i t h  a P a r a f l i n t  wax c o a t i n g  a 20-cps (1000 V/cm) 

electric f i e l d  produces  a l a r g e  i n t e n s i t y  modula t ion  o f  t h e  

t r a n s m i t t e d  l i g h t  a t  a frequency of 40 cps. T h i s  40-cps s i g n a l  

is  larger t h a n  t h e  r e sonance  s i g n a l  a t  20 cps and i s  p robab ly  

produced by w a l l  h e a t i n g  e f f e c t s  which change t h e  cesium d e n s i t y  

a t  t w i c e  t h e  modulat ion frequency ( h e a t i n g  i s  p r o p o r t i o n a l  t o  

E ) .  A 40-cps s i g n a l  would not i n  i t s e l f  be o b j e c t i o n a b l e  be- 

c a u s e  one cou ld  d i s c r i m i n a t e  a g a i n s t  it by lock- in  t e c h n i q u e s ;  

however, it is  n o i s y  and  accompanied by a s m a l l  s i g n a l  a t  20  cps 

whose o r i g i n  is n o t  understood. The s i t u a t i o n  is  improved when 

b u l b s  coated w i t h  Dri-Film a r e  used .  The second harmonic s i g n a l  

is s t i l l  p r e s e n t  b u t  s m a l l e r  and much less n o i s y .  

2 

I n  v i e w  of t h e s e  d i f f i c u l t i e s  and t h e  fact  t h a t  t h e  

p r i n c i p a l  i n v e s t i g a t o r  i s  only t e m p o r a r i l y  a t  Columbia R a d i a t i o n  

Labora to ry ,  w o r k  on t h i s  p r o j e c t  i s  b e i n g  suspended. It may 

be con t inued  a t  a later d a t e .  
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11. PROPERTIES OF RADIOACTIVE ATOMS 

A. OPTICAL STUDIES OF RADIOACTIVE ATOMS 
(W.  Happer, R .  Novick, E .  B. Saloman) 

3 0  
1 

The l eve l - c ros s ing  e f f e c t  was remeasured i n  t h e  ( 6 ~ 7 s )  P 

s t a t e  o f  Pb207 a f t e r  t h e  exper imenta l  s e t u p  had been opt imized  

f o r  maximal s igna l - to -no i se  r a t i o .  The = 2833-8 l i n e  was 

used t o  d e t e c t  t h e  e f f e c t .  A t y p i c a l  p i e c e  of  d a t a  i s  shown 

i n  F ig .  8. From obse rva t ion  of a t o t a l  o f  43 resonances ,  t h e  

l e v e l  c r o s s i n g  was determined t o  be a t  H = 4661.1(4)  G .  The 

quoted u n c e r t a i n t y  i s  t w i c e  t h e  s t a t i s t i c a l  u n c e r t a i n t y .  The 

l e v e l - c r o s s i n g  s i g n a l  was observed f o r  a l l  t h r e e  f l u o r e s c e n t  

l i n e s .  The i n t e n s i t y  and s igna l - to -no i se  r a t i o  w e r e  best f o r  

t h e  3639-2 l i n e ,  a lmost  a s  good f o r  t h e  2833-2 l i n e ,  and con- 

s i d e r a b l y  poorer for t h e  4058-8 l i n e .  

C 

The 4058-2 f luo rescence  
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Fig. 8 .  High-f ie ld  l e v e l - c r o s s i n g  d a t a .  
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( t e r m i n a l  s ta te  J = 2 )  should  be less p o l a r i z e d  t h a n  t h e  3639-2 

and 2833-a l i n e s  ( t e r m i n a l  s ta tes  J=1 and J = O  r e s p e c t i v e l y ) ,  b u t  

t h e  large branching  r a t i o  t o  t h e  J = 2  s t a t e  impl i ed  by Khokhlov’s 

f -va lue  ratios‘’) should  compensate f o r  t h e  s m a l l e r  degree of 

p o l a r i z a t i o n ,  Although t h e  d e t e c t i o n  optics m a y  accoun t  for 

s o m e  of t h e  d i f f e r e n c e ,  it seems t h a t  t h e  accepted b ranch ing  

r a t i o  t o  t h e  J=2 state i s  t o o  large. 

The l e v e l - c r o s s i n g  e f f e c t  w a s  n e x t  u sed  t o  de te rmine  t h e  
3 0  l i f e t i m e  of t h e  ( 6 ~ 7 s )  p1 s t a t e .  

n a t u r a l  lead has  a h i g h - f i e l d  level c r o s s i n g ,  t h e r e  can  be no 

confus ion  from m i x t u r e s  of t h e  s i g n a l s  from t h e  even isotopes 

w i t h  t h a t  f r o m  t h e  odd i s o t o p e  as  w a s  possible i n  our  p r e v i o u s  

de t e rmina t ion .  Because of t h e  large i s o t o p e  s h i f t s  of t h e  var- 

i o u s  lead isotopes, coherence-narrowing e f f e c t s  can occur o n l y  

between a t o m s  of t h e  same isotope, S i n c e  o n l y  21% o f  t h e  a t o m s  

S i n c e  o n l y  one isotope of  

207 i n  t h e  ce l l  w e r e  Pb , w e  would rough ly  e x p e c t  (0.2112=1/25 of 

t h e  magnitude of t h e  coherence-narrowing e f f e c t  a s  obse rved  i n  

t h e  100% Pb 208 ce l l  d i scussed  b e l o w .  Thus, less t h a n  a one- 

p e r c e n t  e f f e c t  would be expected.  T h i s  w a s  conf i rmed experi- 

m e n t a l l y  b y  obse rv ing  t h e  width of t h e  l e v e l - c r o s s i n g  s i g n a l  a t  

t e m p e r a t u r e s  cor responding  t o  a change i n  d e n s i t y  o f  a b o u t  t e n ,  

N o  change w a s  observed t o  w i t h i n  t h e  s t a t i s t i c a l  u n c e r t a i n t y  of 

a b o u t  2%. The observed w i d t h s  w e r e  p l o t t e d  a g a i n s t  t h e  square 

of t h e  modulat ion as  shown i n  F i g .  9. When e x t r a p o l a t e d  t o  

z e r o  modulat ion and c o r r e c t e d  for t h e  o f f - c e n t e r e d  NMR probe, 

t h e  wid th  o f  t h e  l e v e l - c r o s s i n g  s i g n a l  i s  observed  t o  be 

12.6(4) G ,  which cor responds  t o  a l i f e t i m e  of  5 , 8 ( 2 )  X lo-’ sec. 

The l i f e t i m e  w a s  then  r ede te rmined  by t h e  Hanle e f f e c t  

u s i n g  a c e l l  which con ta ined  99.75% Pb 208 and t h u s  e l i m i n a t e d  

any confus ion  w i t h  t h e  odd-isotope Han le -e f f ec t  s i g n a l .  
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However, t h e  c o n c e n t r a t i o n  of one s i n g l e  isotope made t h e  co- 

herence-narrowing e f f e c t  p a r t i c u l a r l y  pronounced. T h i s  e f f e c t  

w a s  compensated for  by lowering t h e  a t o m i c  d e n s i t i e s  t o  
9 1.8 x 10 atoms/cm3 i n  t h e  50-cm3 ce l l .  A plot of peak-to-peak 

s e p a r a t i o n  v e r s u s  modulat ion i s  shown i n  F ig .  10, w h i l e  t h e  

peak-to-peak separa t ion-vs-dens i ty  cu rve  is shown i n  F ig .  11. 

From t h i s  and ou r  Helmholtz coil c a l i b r a t i o n  o f  10.122 G/A, we 

o b t a i n  a peak-to-peak s e p a r a t i o n  a t  l o w  d e n s i t y  o f  8 , 6 ( 3 )  G ,  

which cor responds  t o  a l i f e t i m e  of  5 .7(2)  x 10 sec. Both 

t h i s  v a l u e  and t h e  one obtained from t h e  h i g h - f i e l d  level  cross- 

i n g  are i n  good agreement wi th  our  p r e v i o u s  d e t e r m i n a t i o n  

7 = 5.8(5) x lo-' sec, which w a s  o b t a i n e d  by H a n l e - e f f e c t  s tud-  

ies on n a t u r a l  lead w i t h  a c o r r e c t i o n  e s t i m a t e d  for t h e  pres- 

ence  of  t h e  odd isotope. Use of t h e  new s i lve r  ce l l  oven a l l o w e d  

t h e  ce l l  t o  be un i fo rmly  hea ted ,  

-9 

T o  our knowledge, F ig .  11 demonst ra tes  t h e  f i r s t  obser- 

v a t i o n s  of  t h e  s a t u r a t i o n  of  coherence  narrowing,  which w a s  

predicted by B a r r a t ,  

by t h e  p re sence  of branching  i n  lead. I n  a n  a t o m  w i t h  only one 

decay b ranch ,  t h e  l a r g e  number of s c a t t e r i n g s  n e c e s s a r y  t o  in -  

s u r e  s a t u r a t i o n  r e s u l t s  i n  a lmost  complete d e p o l a r i z a t i o n  and 

s p a t i a l  i s o t r o p y  of t h e  escaping  l i g h t .  S i n c e  l e v e l - c r o s s i n g  

and optical  double-resonance t e c h n i q u e s  monitor  changes  i n  

p o l a r i z a t i o n  and a n g u l a r  d i s t r i b u t i o n  of t h e  s c a t t e r e d  l i g h t ,  

t h e s e  measurements become extremely d i f f i c u l t  when s t r o n g  trap- 

p i n g  of  r e sonance  r a d i a t i o n  occur s  and no branch  m o d e  i s  avail-  

able t o  a l l o w  t h e  photons t o  escape. Although t h e  s i g n a l  from 

t h e  2833-2 l i n e  does  approach z e r o  a t  h igh  d e n s i t i e s ,  t h e  sig- 

n a l s  from t h e  3639-a and 4058-2 l i n e s  a r e  e s s e n t i a l l y  u n a f f e c t -  

ed .  To check t h a t  no a p p r e c i a b l e  b u i l d u p  of metastable a t o m s  

These o b s e r v a t i o n s  w e r e  m a d e  possible (2 1 
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r e s u l t e d  f r o m  t h e  branch  f luo rescence ,  t h e  wid th  of t h e  Hanle-  

e f f e c t  p a t t e r n  w a s  measured f o r  d i f f e r e n t  i n c i d e n t  l i g h t  i n t e n -  

sities. N o  change was observed i n  t h e  l i newid th  f o r  i n p u t  

i n t e n s i t i e s  d i f f e r i n g  by a f a c t o r  of t e n .  

The t h e o r y  of coherence nar rowing(2)  may be extended  

t o  t h e  case of excited atomic states w i t h  several f l u o r e s c e n t  

decay  modes i n  a d d i t i o n  to t h e  r e s o n a n t  l i n e  t o  t h e  ground 

s t a t e .  

t = O  i s  t h e n  

The d e n s i t y  m a t r i x  for  an  ensemble of atoms excited a t  

Cx.a.r r i i  

2F + 
i3Ct r I t  iIe-i3Ct ~ ( 0 )  e 

cx 1' 
-r (1- 

~ ( t )  = e 

i i  

(1) 
r I t  I1 -r (1- 

2F + 1 + e  

The v a r i o u s  decay branches  are labeled by t h e i r  b ranching  

r a t io  5f l ,  t h e  r e a b s o r p t i o n  p r o b a b i l i t y  f o r  t h e  branch  photon 

x2, and t h e  d e p o l a r i z a t i o n  f a c t o r  a,. The n o t a t i o n  i s  i d e n t i -  
1 I 

cal  t o  t h a t  employed by B a r r a t ,  (2 )  and Eq.  (1) r e d u c e s  t o  h i s  

s t a n d a r d  f o r m  for t h e  case of o n l y  one branch.  The d e t e c t e d  

i n t e n s i t y  i n  t h e  ith branch  is then  

where Z is  t h e  e x c i t a t i o n  r a t e .  From E q s .  (1) and ( 2 )  it is  

e v i d e n t  t h a t  t h e  measured l i f e t i m e  f o r  a l l  b ranches  is g iven  by 
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where 7 = 1/1' is t h e  r ea l  r ad ia t ive  l i f e t i m e .  

When no branching  i s  p r e s e n t ,  complete  d e p o l a r i z a t i o n  o f  

t h e  scattered l i g h t  o c c u r s  as  t h e  r e a b s o r p t i o n  p r o b a b i l i t y  

approaches u n i t y .  T h i s  accoun t s  for  t h e  d i f f i c u l t y  o f  observ- 

i n g  t h e  f u l l  p r e d i c t e d  coherence  narrowing i n  atoms w i t h  a 

s i n g l e  decay mode. When branching  i s  p r e s e n t  t h e  f l u o r e s c e n t  

l i n e s  can  e x h i b i t  a s i z a b l e  p o l a r i z e d  component even when t h e  

r e a b s o r p t i o n  p r o b a b i l i t y  for  t h e  r e s o n a n t  l i n e  approaches  one. 

The t r anspa rency  of t h e  vapor t o  f l u o r e s c e n t  photons t h u s  makes 

atoms w i t h  branch decay modes i d e a l l y  s u i t e d  for s t u d i e s  of de- 

p o l a r i z a t i o n  e f f e c t s  a t  ve ry  h igh  vapor d e n s i t i e s .  I f  t h e  

above t h e o r y  is c o r r e c t ,  t h e  observed coherence  narrowing cor- 

responds  t o  a branching  r a t i o  of 27% t o  t h e  ground s ta te  a s  

compared w i t h  17% predicted by  Khokhlov's f -va lue  r a t i o s .  The 

p r e d i c t i o n s  of t h i s  t h e o r y  f o r  a 27%-branching r a t i o  w i t h  

B a r r a t ' s  parameter L=l and w i t h  our l i f e t i m e  v a l u e  are shown 

i n  F i g .  1 2  a t  t h e  d e n s i t i e s  less than  1013 and m a y  be compared 

w i t h  t h e  exper imenta l  r e s u l t s  i n  Fig.11.  
3 0  
p1 The widths  of  t h e  v a r i o u s  decay l i n e s  from t h e  

s t a t e  w e r e  compared a t  two v a l u e s  of a tomic  d e n s i t y ,  one on 

t h e  s l o p e  of  t h e  coherence-narrowing c u r v e  and one where t h e  

coherence-narrowing cu rve  s a t u r a t e s .  A t  t h e  l o w e r  d e n s i t y ,  

( 2  x atoms/cm ) on t h e  slope of t h e  cu rve ,  a l l  t h r e e  

decay modes gave t h e  s a m e  w id th  Hanle-ef fec t  s i g n a l  t o  w i t h i n  

s t a t i s t i c a l  u n c e r t a i n t y .  The r e s u l t s  a t  t h e  h igher  d e n s i t y  

a t o m s / c m  ) f o r  t h e  cross f l u o r e s c e n t  l i n e s  h = 3639 8 

3 

3 

and X = 4058 2 are i n  agreement w i t h i n  s t a t i s t i c a l  u n c e r t a i n t y ;  

however, t h e  peak-to-peak s e p a r a t i o n  f o r  t h e  h = 2833-2 reso- 

nance l i n e  was v e r y  much greater (a f a c t o r  of 5/31. W e  do 

n o t  y e t  know t h e  cause  of t h i s  e f f e c t .  

A s  t h e  d e n s i t y  of  lead atoms is  i n c r e a s e d  above 
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d4 atoms/cm3 t h e  Hanle-ef f e c t  p a t t e r n  broadens because  of  t h e  

e f f e c t s  of  c o l l i s i o n  broadening as may be seen  i n  Fig.11. Using 

t h e  r e s u l t s  of Byron, M c D e r m o t t ,  and N ~ v i c k ( ~ )  and i g n o r i n g  t h e  

e f f e c t s  of w a l l  c o l l i s i o n s ,  w e  have 

where n = d e n s i t y  of atoms i n  t h e  ce l l  
- 
v = mean v e l o c i t y  of  atoms i n  t h e  c e l l  

(5 = t h e  c o l l i s i o n  cross s e c t i o n  

7 = observed l i f e t i m e  obs 
T = t h e  s a t u r a t i o n  "coherence-narrowed" l i f e t i m e  value. 

-12 2 
C 

The data give a cross  s e c t i o n  CT = 1.4(2)  x 10 c m  i n  t h e  
14 14 3 r a n g e  o f  2 x 1 0  

d e n s i t y  h a s  been e s t i m a t e d  from t h e  i d e a l  gas l a w  and vapor 

pressure-vs-temperature curves. The t h e o r y  of Byron and  

Fo ley  

b roaden ing  a l though  i n  i t s  p r e s e n t  f o r m  it is  n o t  t r u l y  appli- 

cable t o  Han le -e f f ec t  broadening. 

atms/cm3 t o  8 x 1 0  a t o m s / c m  , where t h e  

-13 2 
predicts 0 = 0.96 x 10 cm for r e s o n a n t  c o l l i s i o n  (4) 

The r e s u l t s  o f  t h i s  t heo ry  are shown a t  d e n s i t i e s  h i g h e r  

t h a n  i n  F ig .  1 2 ,  which may be compared w i t h  t h e  e x p e r i -  

m e n t a l  r e s u l t s  i n  Fig.11. 

The p resence  of  f l u o r e s c e n t  l i n e s  i n  lead a l l o w s  a de- 

t a i l e d  s tudy  o f  c o l l i s i o n  broadening of t h e  H a n l e - e f f e c t  l i n e -  

w id th  w i t h o u t  t h e  compl ica t ions  of backscatter t e c h n i q u e s .  

I n  c o n t r a s t  t o  cadmium and z inc ,  t h e  c o l l i s i o n  broadening  i n  

lead should  be of  t h e  r e s o n a n t  type because  of  t h e  f a i r l y  large 

f va lue .  (4) 

gular d i s t o r t i o n  and t o  p e r m i t  h ighe r  o p e r a t i n g  t e m p e r a t u r e s .  

These i n v e s t i g a t i o n s  should  c l a r i f y  our  unde r s t and ing  o f  t h e  

(5) 

Our oven d e s i g n  w i l l  be modi f ied  t o  e l i m i n a t e  an- 

3 1  



- 
N a0 

a0 a! 

j, 
c, 
.ti 
rn 
c 
a, a 
rn 
3 
c 
0 
.ti 
.lJ 
tu 
k 
tu a 
a, 
rn 
x 
Id 
a, a 
I 
0 
4J 

I 

a, a 
5 
.. 
rn 
c 
0 

-rl 
4J 
u 
-ti a 
a, 
k a 
4 
Id 
u 

-rl 
c, 
a, 
k 
0 
a, c 
I3 . 
cv 
rl 

m 
-4 
cr 

. 

(SdWW NI) NOllWkiWd3S W 3 d  01 YWld 

32 



1 -  

I -- 

c o l l i s i o n  mechanisms r e s p o n s i b l e  f o r  d i s o r i e n t a t i o n s  of a l i g n e d  

e x c i t e d  atoms. 
3 0  

By comparing t h e  
p1 The Hanle e f f e c t  h a s  been observed  i n  t h e  ( 6 ~ 8 s )  

s t a t e  by use  of t h e  h igh - f i e ld  appa ra tus .  

wid th  observed i n  t h e  s i g n a l  from t h i s  state w i t h  t h a t  o f  t h e  

( 6 ~ 7 s )  'p; s ta te ,  a rough l i f e t i m e  va lue  7 = 7.3(1,4)  X 10 

sec h a s  been obta ined .  More p r e c i s e  measurements i n  t h i s  s t a t e  

w i l l  be made i n  t h e  f u t u r e ,  

-9 

P r e p a r a t i o n s  are proceeding t o  de termine  t h e  hf s of 

Pb205. 

barded  i n  a reactor f o r  three weeks a t  a neu t ron  f l u x  of 

is 5 x 10 . Since  t h e  thermal  neut ron  cross s e c t i o n  of  P b  

0.8 b ,  t h i s  should  r e s u l t  i n  t h e  product ion  of 20 m i c r o g r a m s  of 

Pb 205 w i t h  a c o n c e n t r a t i o n  of 10 . Next,  t h e  s a m p l e  w i l l  be 

isotope s e p a r a t e d  a t  an  e f f i c i e n c y  of  abou t  5% and a n  e n r i c h -  

ment f a c t o r  of 100. T h i s  w i l l  leave u s  w i t h  one m i c r o g r a m  of 

Pb205 w i t h  a c o n c e n t r a t i o n  of 10% or 3 x lo1' Pb205 a t o m s  w i t h  

T h i r t y  m i l l i g r a m s  of 70% s e p a r a t e d  Pb204 w i l l  be bom- 

14 204 

-3 

a t o m s .  It should be possible t o  t r a n s f e r  a 2 04 27 X 1015 Pb 

t h i r d  of t h e s e  t o  an  abso rp t ion  cel l  g i v i n g  lo1' Pb 205 a t o m s .  
~ 

10 
S ince  our a p p a r a t u s  is capable  of d e t e c t i n g  as  few as  2 X 1 0  

a t o m s  i n  t h e  vapor phase,  we should  be able t o  per form 207 Pb 

h f s  measurements on Pb205 wi th  t h i s  sample. 

(1) M. Z .  Khokhlov, Contr. Crimean A p .  O b s .  21, 84  

(2) J. P. B a r r a t ,  J. Phys. R a d ,  - 20,  541 (1959) ;  20, 

(3 )  F. W. Byron Jr., M. N. M c D e r m o t t ,  and R.  Novick, 

(4) F. W. Byron J r . ,  and H. M. Fo ley ,  Phys. Rev. 134, 
(5) CRL Q u a r t e r l y  Progress R e p o r t ,  June 15 ,  1962, P. 15. 

(1959):  22, 118 (1960).  

633 (1959).  

Phys. R e v .  134, A615 (1964) .  

A625 (1964).  
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111. PHYSICS OF MOLECULES 

A. BEAM MASER SPECTROSCOPY* 
(P. C a h i l l ,  L .  P .  Gold, P.  Thaddeust)  

The hype r f ine  spectrum of  t h e  3 -3 r o t a t i o n a l  t r a n s i -  
03 1 3  

t i o n  i n  NH D has  been observed a t  43042.48 M c  w i t h  a 2 0  t o  1 

s igna l - to -no i se  r a t i o  f o r  t h e  n i t r o g e n  h y p e r f i n e  l i n e s .  A 

45V10 O K 1  k l y s t r o n  was phase locked by use  of a D y m e c  O s c i l -  

l a t o r  Synchronizer  t o  t h e  f i f t h  harmonic of an LFE U l t r a - S t a b l e  

Microwave O s c i l l a t o r ,  ope ra t ed  a t  8596.6 M c .  The k l y s t r o n  was 

frequency modulated by  sweeping t h e  o sc i l l a to r  synchron ize r  

w i t h  t h e  sawtooth from a 502 Tek t ron ix  Oscilloscope. P r e s e n t l y  

t h e  spectrum is be ing  measured by  u s i n g  t h e  f o r t y - t h i r d  harmonic 

of  t h e  1000-Mc CRL frequency s t a n d a r d  and a C o l l i n s  r e c e i v e r .  

I n  t h e  n e x t  q u a r t e r  t h e  spectrum w i l l  be measured, and t h e  

s p i n - r o t a t i o n  and quadrupole  coup l ing  c o n s t a n t s  of t h e  deu te ron  

w i l l  be c a l c u l a t e d .  Th i s  p a r t i c u l a r  t r a n s i t i o n  i n  NH D g i v e s  

a ve ry  p r e c i s e  d e t e r m i n a t i o n  of t h e  d e u t e r o n  coup l ing  c o n s t a n t s  

s i n c e  t h e  p ro tons ,  by v i r t u e  of t h e  symmetry o f  t h e  t r a n s i t i o n ,  

do n o t  c o n t r i b u t e  t o  t h e  m u l t i p l i c i t y  of t h e  h y p e r f i n e  s t r u c t u r e .  

Once v a l u e s  of t h e  d e u t e r o n  coup l ing  c o n s t a n t s  have been d e t e r -  

mined, t h e  p r e v i o u s l y  observed h y p e r f i n e  spectrum of t h e  

303-313 r o t a t i o n a l  t r a n s i t i o n  a t  18807 M c  

Lyzed t o  determine more p r e c i s e l y  t h e  p ro ton  coup l ing  c o n s t a n t s .  

Also, s i n c e  it  i s  p o s s i b l e  t o  o p e r a t e  a beam maser a t  m i l l i -  

m e t e r  f r equenc ie s ,  t h e  h y p e r f i n e  spectrum o f  t h e  2 -2 

r o t a t i o n a l  t r a n s i t i o n  i n  NHD w i l l  n e x t  be i n v e s t i g a t e d  a t  

38739 Mc, and i n  con junc t ion  w i t h  t h e  p r e v i o u s l y  observed spec- 

( 2 )  t h e  h y p e r f i n e  coup- trum of t h e  3 -3 t r a n s i t i o n  i n  "D 

l i n g  c o n s t a n t s  f o r  t h e  deu te ron  and p ro ton  i n  NHD w i l l  be 

de termined .  

2 

2 

w i l l  be re-ana- 

02 1 2  

2 

2 '  03 13 

2 
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*This r e s e a r c h  w a s  a l s o  suppor ted  i n  part  by t h e  A i r  
Force  O f f i c e  of S c i e n t i f i c  Research under Grant  AI?-AFOSR-330-63, 
and i n  p a r t  by t h e  Of f i ce  of Naval Research under  C o n t r a c t  
Nonr-266 (45 ) .  

?NASA I n s t i t u t e  for Space S t u d i e s .  

(1) P. Thaddeus, L. C. Kr i she r ,  and P. C a h i l l ,  J. Chem. 

(2)  CRL Q u a r t e r l y  Progress  Report ,  June  15, 1964, p. 25. 
Phys. - 41, 1542 (1964) .  

. 

B. MOLECULAR BEAM VELOCITY SELECTOR* 
(M. M. H e s s e l ,  P. Kusch) 

P rev ious ly  it had been r e p o r t e d  t h a t  an i n v e r s e  f i f t h -  

p o w e r  r a d i a l  dependence of t h e  i n t e r a c t i o n  p o t e n t i a l  w a s  ob- 

se rved  for the s c a t t e r i n g  of KC1 by  N2 and Ar. 

t h e o r y ,  (2)  which r e q u i r e s  t h a t  t r u e  quantum c r o s s  s e c t i o n s  be 

measured, was used t o  i n t e r p r e t  t h e  d a t a .  The q u e s t i o n  h a s  

a r i s e n  a s  t o  whether our  apparatus  has  s u f f i c i e n t  angu la r  reso- 

l u t i o n  t o  produce a t t e n u a t i o n  c h a r a c t e r i s t i c  of t r u e  quantum 

c r o s s  s e c t i o n s .  

for e s t i m a t i n g  t h e  angular  r e s o l u t i o n  b e l o w  which t r u e  quantum 

c r o s s  s e c t i o n s  are obta ined .  According t o  t h i s  c r i t e r i o n  t h e  

angular r e s o l u t i o n  of  our appara tus  should  be better t h a n  450 

seconds;  it is  a c t u a l l y  150 seconds. 

The Massey-Mohr 

Massey and Mohr (2) have g iven  a c rude  c r i t e r i o n  

Even though t h e  angular  r e s o l u t i o n  o f  t h e  appa ra tus  i s  

adequate  accord ing  t o  t h i s  rough c r i t e r i o n ,  an exper imenta l  

check should  be made t o  determine t h e  effect  of improved 

r e s o l u t i o n .  

The r e s o l u t i o n  of t h e  appara tus  w a s  improved t o  75  sec- 

onds when t h e  s i z e  o f  t h e  en t rance  s l i t  of  t h e  s c a t t e r i n g  

chamber was reduced from 0.008 i n .  t o  0.004 i n .  KC1-Ar s c a t -  

t e r i n g  exper iments  a r e  now i n  p rogres s .  
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* T h i s  research w a s  a l s o  supported i n  p a r t  by the  A i r  
Force O f f i c e  of S c i e n t i f i c  R e s e a r c h  under  G r a n t  AF-AFOSR-330-63,  
and i n  p a r t  by  t h e  O f f i c e  of N a v a l  R e s e a r c h  unde r  C o n t r a c t  
N o n r - 2 6 6  ( 4 5 ) .  

(1) CRL Q u a r t e r l y  Progress R e p o r t ,  D e c e m b e r  15 ,  1964, 

( 2 )  H.  S .  W .  Massey and C .  B .  0. Mohr, Proc. R o y .  SOC. 
p. 2 3 .  

( L o n d o n )  A 1 4 4 ,  188 (1934) .  

C .  MOLECULAR BEAM ELECTRIC RESONANCE SPECTROSCOPY* 
(P .  C a h i l l ,  L .  P .  G o l d )  

The object of t h i s  p r o g r a m  (I) i s  the measurement of the  

m i c r o w a v e  and rf spectra of s i m p l e  mo lecu le s  by t h e  molecular 

b e a m  e lec t r ic  resonance method. 

D u r i n g  t h i s  q u a r t e r ,  research i n  microwave spectroscopy 

and b e a m  maser spectroscopy l i m i t e d  t h e  experimental program 

on t h i s  pro jec t  t o  r o u t i n e  tes ts .  

P roqram for t h e  n e x t  i n t e r v a l :  I f  t h e  r o t a t i o n a l  spec- 

t r u m  of KCN i s  observed i n  the  high-temperature m i c r o w a v e  spec- 

t r o m e t e r  ( s e e  S e c t i o n  1 I I . D  of t h i s  repor t ) ,  an attempt w i l l  be 

m a d e  t o  observe t h e  s a m e  t r a n s i t i o n  i n  t h e  m o l e c u l a r  beam elec- 

t r i c  resonance s p e c t r o m e t e r .  

* T h i s  research w a s  a l so  supported i n  p a r t  by the  A i r  
Force O f f i c e  of S c i e n t i f i c  R e s e a r c h  under G r a n t  AF-AFOSR-330-63,  
and i n  p a r t  b y  t h e  O f f i c e  of N a v a l  R e s e a r c h  under C o n t r a c t  
N o n r - 2 6 6  ( 4 5 ) .  

(1) CRL Q u a r t e r l y  P r o g r e s s  R e p o r t ,  March 15 ,  1962,  p. 45. 

D .  MICROWAVE SPECTROSCOPY* 
( P .  C a h i l l ,  L .  P .  G o l d )  

P a r t  I 

D u r i n g  t h i s  q u a r t e r ,  the  high-temperature microwave 

s p e c t r o m e t e r  h a s  been u s e d  t o  search for  the  r o t a t i o n a l  spec t rum 
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of  potass ium cyanide.  The chemical behavior  of  t h e  sys tem h a s  

proved s a t i s f a c t o r y :  potassium and ammonia, produced i n  an 

e a r l i e r  c e l l  of d i f f e r e n t  design 

are n o t  observed i n  t h e  p r e s e n t  system. However, no d e f i n i t e  

s p e c t r a l  l i n e s  have y e t  been observed.  

by  sample decomposi t ion ,  (1) 

Program f o r  the n e x t  i n t e r v a l :  The s e a r c h  for t h e  

r o t a t i o n a l  spectrum of KCN w i l l  cont inue .  

P a r t  I1 

During t h i s  q u a r t e r ,  work on t h e  microwave spec t rum o f  

methyl  v i n y l  e t h e r  has  been concent ra ted  mainly on o b t a i n i n g  

more informat ion  about  t h e  Cis f o r m .  Accurate  measurements of 

a number of t h e  p r e v i o u s l y  assigned l i n e s  have been  m a d e  b o t h  

i n  this l a b o r a t o r y  and by  D r .  N o e l  Owen of  Harvard U n i v e r s i t y  

i n  c o l l a b o r a t i o n  w i t h  whom t h i s  project is  b e i n g  c a r r i e d  o u t .  

C a r e f u l  obse rva t ion  of these l i n e s  failed t o  reveal an observ-  

able s p l i t t i n g .  A s e a r c h  was  t h e r e f o r e  made f o r  the r o t a t i o n a l  

spectrum of e x c i t e d  v i b r a t i o n a l  s t a t e s .  One such s t a t e  h a s  

been i d e n t i f i e d ;  t h e  r e s u l t i n g  r o t a t i o n a l  c o n s t a n t s  are g iven  

i n  T a b l e  I t o g e t h e r  w i t h  t h e  p r e v i o u s l y  ob ta ined  g round-s t a t e  

c o n s t a n t s .  I f  t h i s  e x c i t e d  s t a t e  i s  due t o  a methyl  group 

t o r s i o n a l  v i b r a t i o n ,  it may be p o s s i b l e  t o  o b t a i n  a v a l u e  for 

t h e  barrier t o  i n t e r n a l  r o t a t i o n  of t h e  methyl  group despite 

t h e  absence of observable  i n t e r n a l  r o t a t i o n  s p l i t t i n g  i n  t h e  

spectral l i n e s .  

TABLE I. R o t a t i o n a l  c o n s t a n t s  of Cis methyl  v i n y l  e t h e r  i n  M c .  

A 

B 

C 

H. 

Ground State 

18224.96 

6388.96 

4875.85 

-0.773302 
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Exc i t ed  V i b .  S ta te  

18301.52 

6331.44 

4861.80 

-0.781299 



proqram for t h e  nex t  i n t e r v a l :  Work w i l l  c o n t i n u e  on 

t h e  measurement and a n a l y s i s  of e x c i t e d  s t a t e  s p e c t r a .  

*This r e sea rch  was a l s o  suppor ted  i n  p a r t  by t h e  A i r  
Force O f f i c e  of S c i e n t i f i c  Research under Grant  AF-AFOSR-330-63, 
and i n  p a r t  b y  t h e  O f f i c e  of Naval Research under C o n t r a c t  
Nonr-266 ( 4 5 ) .  

(1) CRL Q u a r t e r l y  P rogres s  Repor t ,  June 15,  1963, p .  32 .  

E .  MAGNETIC ROTATION SPECTRA* 
( P .  Kusch, B .  P a l a t n i c k )  

work i s  c o n t i n u i n g  toward t h e  improvement of t h e  q u a l i t y  

o f  t h e  spectrograms.  Some expe r imen ta t ion  i s  be ing  c a r r i e d  

o u t  u s i n g  a 10-in.  abso rp t ion  t u b e ,  which i s  h a l f  t h e  l e n g t h  

o f  t h e  prev ious  one. The remaining space  i n s i d e  t h e  magnet i s  

f i l l e d  w i t h  i r o n  p l u g s ,  g i v i n g  a h ighe r  average f i e l d  over  t h e  

l e n g t h  o f  t h e  t u b e .  

Proqram f o r  t h e  n e x t  i n t e r v a l :  More spectrograms w i l l  

be t aken  u n t i l  t h e  q u a l i t y  of t h e  d a t a  i s  s a t i s f a c t o r y .  

t h a t  p o i n t ,  r educ t ion  and a n a l y s i s  of t h e  d a t a  w i l l  beg in .  

A t  

- I  

*This r e s e a r c h  was a l s o  suppor t ed  i n  p a r t  b y  t h e  A i r  
Force O f f i c e  of S c i e n t i f i c  Research under Grant  AF-AFOSR-330-63, 
and i n  p a r t  b y  t h e  O f f i c e  of Naval Research under C o n t r a c t  
Nonr-266 ( 4 5 ) .  

(1) CRL Q u a r t e r l y  Progress Repor t ,  D e c e m b e r  15,  1964, 
p .  26. 
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I V .  SOLID STATE PHYSICS 

A.  INTERACTION BETWEEN A NEUTRAL BEAM AND A CONDUCTING SURFACE* 
(P. Kusch, D,  Raskin)  

The pressure-dependent  s c a t t e r i n g  background r e p o r t e d  

previous ly(1)  w a s  s t i l l  ev iden t  i n  d a t a  taken  du r ing  t h e  l a s t  

in te rva l .  A t t e m p t s  w e r e  made t o  improve t h e  u l t i m a t e  pressure 

of t h e  vacuum system. The l o w e s t  p r e s s u r e  measured w a s  5.4 X 

10’’ T o r r .  S e v e r a l  unsuccessfu l  a t t e m p t s  w e r e  m a d e  t o  s e a l  t h e  

e x i s t i n g  f l a n g e s  w i t h  aluminum o r  go ld  g a s k e t s .  

A t  p r e s e n t ,  t h e  p o s s i b i l i t y  of b u i l d i n g  a new vacuum 

system is b e i n g  explored  i n  order  t o  o b t a i n  a p r e s s u r e  o f  abou t  
-10 1 x 10 Torr . 
Program f o r  t h e  next  i n t e r v a l :  D i f f e r e n t  pumping sys tems 

w i l l  be s t u d i e d  and eva lua ted .  A t  t h e  same t ime exper iments  

w i l l  be done on t h e  p r e s e n t  system i n  o rde r  t o  unde r s t and  com-  

p l e t e l y  t h e  observed beam p r o f i l e  so t h a t  a l l  necessa ry  improve- 

men t s  can be m a d e  i n  t h e  design of a new system. 

*This r e s e a r c h  w a s  a l s o  suppor ted  by t h e  Army Research  

(1) CRL Q u a r t e r l y  Progress  R e p o r t ,  D e c e m b e r  1 5 ,  1964, 

O f f i c e  (Durham) under G r a n t  DA-ARO(D)-31-1244568. 

p. 34. 

B. ENDOR AND OPTICAL STUDY OF COLOR CENTERS* 
(I. B a s s ,  M. D a k s s ,  D. Daly, A. N. Jette, R .  Marzke, 
R. Mieher,  S. C. R i b e i r o )  

ENDOR measurements have been completed f o r  t h e  H-center 

i n  l i t h i u m  f l u o r i d e ,  and t h e  da t a  are now be ing  ana lyzed .  A 

d e t a i l e d  d i s c u s s i o n  on t h e  experiment  and i t s  r e s u l t s  w j 1 1  

appear i n  t h e  n e x t  q u a r t e r l y  r e p o r t .  
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The d ipo la r  c o n t r i b u t i o n  t o  t h e  magnet ic  h y p e r f i n e  con- 

s t a n t s  a t  t h e  sur rounding  n u c l e i  for  t h e  V -center  i n  LiF w a s  

c a l c u l a t e d  us ing  t h e  Hartree-Fock wave f u n c t i o n s  of  A .  C .  Wahl 

f o r  F- 

t a n c e s  f o r  t h e  molecule-ion and  relaxed p o s i t i o n s  o f  t h e  su r -  

rounding  n u c l e i .  

menta l  c o n s t a n t s  determined by ENDOR measurements i n  t h i s  

l a b o r a t o r y  and t h e  c a l c u l a t e d  v a l u e s  u s i n g  an i n t e r n u c l e a r  d i s -  

t a n c e  of  3 . 8  atomic u n i t s  f o r  t h e  molecule-ion. 

w i l l  be made t o  c a l c u l a t e  t h e  c o n t a c t  i n t e r a c t i o n  a t  t h e  s u r -  

rounding  i o n s  t o  t h e  V -center  i n c l u d i n g  t h e  i n f l u e n c e  o f  ex- 

change p o l a r i z a t i o n .  L a t t i c e  energy  c a l c u l a t i o n s  are i n  

progress t o  assess t h e  r e l a x a t i o n s  of ne ighbor ing  i o n s .  A m o r e  

detai led account  w i l l  appear i n  a subsequent  q u a r t e r l y  report .  

K 

Values w e r e  o b t a i n e d  for  s e v e r a l  i n t e r n u c l e a r  d i s -  
2 '  

Good agreement w a s  found between t h e  experi- 

An attempt 

K 

*This r e s e a r c h  w a s  a l s o  suppor ted  by t h e  N a t i o n a l  S c i -  

(1) A .  C .  Wahl, unpubl i shed  work a t  t h e  Argonne N a t i o n a l  

ence  Foundation under Grant  NSF-GP 3 3 8 5 .  

laboratory.  

C .  ADIABATIC DEMAGNETIZATION I N  THE ROTATING FRAME* 
(H.  E inbinder ,  S .  R .  Hartmann) 

Work cont inued  on t h e  c o n s t r u c t i o n  of t h e  H e  3 cryostat .  

Requirements  w e r e  determined f o r  t h e  H e  3 c i r c u l a t i n g  pumps, 

and f i l t e r s  w e r e  des igned  f o r  t h e  r e c e i v e r  u sed  t o  detect t h e  

s i g n a l  from t h e  H e  n u c l e i .  
3 

Fur ther  exper imenta t ion  w a s  performed t o  de termine  t h e  
19 

2 e f f e c t  of  i r r a d i a t i o n  of t h e  F 

by a radio-frequency f i e l d  near  resonance .  

f o r  t h e  s p i n  system t o  r e a c h  thermal  e q u i l i b r i u m  w i t h  t h e  

c rys t a l  l a t t i ce  ( s p i n - l a t t i c e  r e l a x a t i o n  t i m e )  w a s  measured 

nuc lea r  s p i n  system i n  CaF 

The t i m e  r e q u i r e d  
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I -  
, -  

l -  

f o r  b o t h  a n  i n i t i a l  s ta te  c o n s i s t i n g  of a comple te ly  d i s o r d e r e d  

system and an i n i t i a l  s t a t e  produced by an  a d i a b a t i c  demagneti- 

z a t i o n  i n  t h e  r o t a t i n g  frame (ADRF). The d e c i s i o n  w a s  m a d e  t o  

o b t a i n  a CaF c rys ta l  w i t h  an impur i ty  c o n t e n t  p roducing  a sp in-  

l a t t i c e  r e l a x a t i o n  t i m e  m o r e  conven ien t  f o r  t h e  exper iment .  
2 

Proqram f o r  t h e  n e x t  i n t e r v a l :  I n v e s t i g a t i o n  w i l l  con- 

t i n u e  of t h e  c h a r a c t e r i s t i c s  o f  t h e  s ta te  produced by ADRF 

performed on t h e  F nuc lea r  s p i n  system. Completion of  t h e  

H e  c r y o s t a t  i s  a n t i c i p a t e d .  

19 

3 

*This research w a s  also suppor t ed  by t h e  N a t i o n a l  Sc i -  
ence  Foundat ion under Gran t  NSF-GP 3379. 

D. HIGH-FREQUENCY PROPERTIES OF SUPERCONDUCTORS* 
( S .  Zemon) 

C a l c u l a t i o n s  have begun f o r  t h e  d e t e r m i n a t i o n  of t h e  

p r e d i c t i o n s  of t h e  Bardeen-Cooper-Schrief f e r  t h e o r y  f o r  t h e  

s u r f  ace resistance o f  z i n c  

Proqram f o r  t h e  n e x t  i n t e r v a l :  The c a l c u l a t i o n s  w i l l  be 

completed and compared w i t h  our s u r f a c e - r e s i s t a n c e  d a t a  f o r  

z i n c .  

*This r e s e a r c h  w a s  also suppor t ed  i n  p a r t  by t h e  Na-  
t i o n a l  Sc ience  Foundat ion under Gran t  NSF-GP 1031 and i n  par t  
by t h e  O f f i c e  of Naval Research under C o n t r a c t  Nonr-3994(00), 

R e v .  108, 1175 (1957). 
(1) J. Bardeen, L. N. Cooper, and J. R. S c h r i e f f e r ,  Phys. 

E. ELECTRONIC TUNNELING I N  THE SUPERCONDUCTING STATE* 
(S- Zemon) 

I n  o r d e r  t o  g e n e r a t e  higher  electric f i e l d s  i n  our  

41 



t h i n - f i l m  j u n c t i o n s ,  c o n s i d e r a b l e  e f f o r t  went i n t o  producing 

f i l m s  t h i n n e r  than  1000 8.  Fi lms  w i t h  t h i c k n e s s e s  of  100 8 
o r  less e i t h e r  w e r e  n o t  e l e c t r i c a l l y  con t inuous  o r  t h e y  d i s -  

i n t e g r a t e d  r a p i d l y  i n  a i r .  T h i s  w a s  t r u e  f o r  f i l m s  deposited 

upon a s u b s t r a t e  which w a s  a t  a tempera ture  of - lOO°C. 

m o r e ,  over t h e s e  f i l m s  w a s  a protective c o a t i n g  of s io .  Fi lm 

w i d t h s  w e r e  0.010 i n .  and i n i t i a l  j u n c t i o n  r e s i s t a n c e s  w e r e  

between 1 and 100R. The d e p o s i t i o n  of  b o t h  f i l m s  w a s  execu ted  

wi thou t  d i s t u r b i n g  t h e  evapora to r  arrangements .  A good alumi- 

num-aluminum j u n c t i o n  w a s  f a b r i c a t e d  w i t h  a t o t a l  t h i c k n e s s  

of  600 8. Microwave r a d i a t i o n  i n  a c y l i n d r i c a l  c a v i t y  pro- 

duced a sha rp  j u n c t i o n  h e a t i n g  e f f e c t  even w i t h  15  dB of m i c r o -  

wave a t t e n u a t i o n ,  b u t  no  e f f e c t  s i m i l a r  t o  t h e  pho ton-as s i s t ed  

t u n n e l i n g ,  r e p o r t e d  by  Dayem and Mar t in ,  w a s  s een  a t  8 d i f -  

f e r e n t  f r e q u e n c i e s  b e t w e e n  50 and 60 kMc/sec a t  t empera tu res  

a s  l o w  a s  0 . 3 O K .  

Fu r the r -  

I t  i s  o f  i n t e r e s t  t o  compare t h e  energy  gap o b t a i n e d  i n  

our  s u r f a c e  r e s i s t a n c e  measurements w i t h  t h a t  derived from tun-  

n e l i n g  measurements. T h e r e f o r e ,  d u r i n g  t h i s  q u a r t e r  t echn iques  

w e r e  developed for t h e  d e p o s i t i o n  of z i n c  t h i n  f i l m s .  

Proqram for t h e  n e x t  i n t e r v a l :  Zinc and cadmium tun-  

n e l i n g  c h a r a c t e r i s t i c s  w i l l  be measured. 

t i o n a l  S c i e n c e  Foundation under Gran t  NSF-GP 1031 and i n  pa r t  
by t h e  Off i c e  of  Naval Research under C o n t r a c t  Nonr-3994 ( 0 0 )  . 

- 8 ,  246 (1962) - 

*This r e s e a r c h  w a s  a l so  suppor t ed  i n  pa r t  by t h e  N a -  

(1) A .  H.  Dayem and R .  J. Mar t in ,  Phys. R e v .  Letters 

F. NUCLEAR MAGNETIC RESONANCE I N  PLATINUM* 
( S .  R .  Hartmann, G .  R .  Mather) 

Platinum samples, c o n s i s t i n g  of  0-10~ p a r t i c l e s ,  have 
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been prepared and t h e  plat inum resonance  observed. 

inum par t ic les  w e r e  suspended i n  v a s e l i n e  i n  order t o  i n s u l a t e  

them e l e c t r i c a l l y ,  and t h e  mixture  w a s  p l a c e d  i n  l u c i t e  con- 

t a i n e r s ,  made by boring h o l e s  i n  l u c i t e  rods of  v a r i o u s  

diameter s .  

The plat-  

The resonance  w a s  f i r s t  observed i n  a f i e l d  of 3kG a t  

77*K, and later i n  t h e  same f i e l d  b u t  a t  4 . 2 " K .  S i g n a l - t o -  

n o i s e  r a t i o  a t  t h e  latter tempera ture  is  q u i t e  good, and  l i t t l e  

t r o u b l e  from t h i s  source is  a n t i c i p a t e d  i n  t a k i n g  data. How- 

ever, a n  u n s t a b l e  osci l la tor  i n  con junc t ion  w i t h  t h e  phase-sen- 

s i t i v e  d e t e c t i o n  m a d e  t h e  s i g n a l  q u i t e  j i t t e r y ,  especially a t  

larger p u l s e  s e p a r a t i o n s .  The Hewlett-Packard r f  osci l la tor  w a s  

t h e r e f o r e  replaced w i t h  a 5-Mc c r y s t a l  osci l la tor  which h a s  a 

shor t - te rm s t a b i l i t y  somewhat better t h a n  1 part  i n  10 and  a 

long-term s t a b i l i t y  of  abou t  1 part i n  10  . A t  t h e  s a m e  t i m e  

new pole caps w e r e  p u t  on t h e  magnet so t h a t  f i e l d s  u p  t o  6 kG 

are now possible. These p o l e  caps, however, produce f ie lds  a 

good deal m o r e  inhomogeneous t h a n  t h e  p r e v i o u s  caps, so t h a t  

f r e e  i n d u c t i o n  decay t i m e s  of on ly  50 p s e c  are observed. The 

bandwidth of t h e  receiver m u s t ,  t h e r e f o r e , b e  larger t h a n  f o r  

m o r e  homogeneous f i e l d s  , and consequent ly ,  t h e  s igna l - to -no i se  

r a t i o  is  n o t  as large as it might be. T h i s  s i t u a t i o n  i s  cur -  

r e n t l y  be ing  c o r r e c t e d ;  first by t h e  u s e  of  a s m a l l  sample 

volume, and second by t h e  u s e  of  a boxcar i n t e g r a t o r  w i t h  re- 

corder readou t .  

6 

5 

C a l c u l a t i o n s  of t h e  r e l a x a t i o n  t i m e s  t o  be expected i n  

t h e  v e r y  s m a l l  particles (SO-a l i n e a r  dimension)  are c u r r e n t l y  

under way. S i n c e  p la t inum i s  a t r a n s i t i o n  m e t a l  w i t h  a r a t h e r  

large state d e n s i t y  a t  t h e  Fermi s u r f a c e ,  s o m e  q u e s t i o n  arises 

as  t o  whether it i s  i n  f a c t  s u i t e d  t o  a s t u d y  of  f i n e  particle 

e f f e c t s .  I n  judging w h e t h e r  or n o t  t h e s e  e f f e c t s  s h o u l d  be 
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expec ted  i n  a g iven  m e t a l ,  it i s  n e c e s s a r y  t o  c o n s i d e r  t h e  

wid ths  of t h e  e l e c t r o n  energy  levels r e l a t i v e  t o  t h e i r  separ- 

a t i o n s .  Order-of-magnitude c a l c u l a t i o n s  f o r  p l a t inum,  based  

on i n f e r r e d  va lues  f o r  t h e  d e n s i t y  of s ta tes  ( 2 )  and on t h e  

e l e c t r i c a l  c o n d u c t i v i t y ,  i n d i c a t e  t h a t  50-2 pla t inum par t ic les  

are a t  best marginal  f o r  such s t u d i e s .  The d e c i s i o n  h a s  t h e r e -  

f o r e  been made t o  look f o r  s m a l l  p a r t i c l e  e f f e c t s  i n  t h e  p l a t -  

inum sample expe r imen ta l ly ;  i f  none should  a r i s e ,  t h e n  o t h e r  

c o l l o i d a l  metals w i l l  be sought .  

Proqram for t h e  n e x t  i n t e r v a l :  Measurements of t h e  re- 

l a x a t i o n  t i m e  T a s  a f u n c t i o n  of tempera ture  w i l l  be m a d e  on 

t h e  bu lk  (0- lop)  pa r t i c l e s  from 4.2"K t o  l o w e r  t empera tu res .  

Also, a sample c o n s i s t i n g  of t h e  50-2 part ic les  w i l l  be pre- 

pa red ,  and r e l a x a t i o n  t i m e  measurements w i l l  be t a k e n  i n  t h i s  

s a m e  t empera ture  r ange .  

1 

*This r e s e a r c h  w a s  a l s o  suppor ted  by  t h e  N a t i o n a l  Sc i -  

(1) CRL Q u a r t e r l y  P rogres s  Repor t ,  D e c e m b e r  15 ,  1964, 

( 2 )  M. Shimizu and A. Katsuk i ,  J.  Phys. SOC. Japan 2, 

ence  Foundation under  Gran t  NSF-GP 3379. 

p.  39. 

1135 (1964) .  
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V. OPTICAL AND MICROWAVE MASERS 

A. INFRARED AND OPTICAL MASERS 

1. O p t i c a l  Maser Spectroscopy 

a. L i g h t - S c a t t e r i n g  Homodyne Spectroscopy* 
(S. S. A l p e r t ,  D, A. B a l z a r i n i ,  E .  Lipworth,  
L. Seigel, Y. Yeh) 

W o r k  accomplished d u r i n g  t h i s  q u a r t e r  was p r i m a r i l y  con- 

ce rned  w i t h  o b t a i n i n g  expe r imen ta l  data r e l a t i n g  t o  c r i t i ca l  

opa le scence  of  a b i n a r y  system of cyc lohexane-ani l ine  near  t h e  

c r i t i c a l  tempera ture .  Fu r the r  developmental  work h a s  been 

carried o u t  r e s u l t i n g  i n  t h e  c o n s t r u c t i o n  of a variable volume 

p r e s s u r e  cel l  t o  be used  i n  c r i t i ca l  o p a l e s c e n t  o b s e r v a t i o n s  of  

CO and xenon. A n  argon laser des igned  t o  be r u n  for  long  

p e r i o d s  of t i m e  h a s  a lso b e e n  c o n s t r u c t e d  t o  be u s e d  as a l i g h t  

s o u r c e  i n  f u t u r e  experiments .  A novel  f e a t u r e  of t h e  a rgon  

laser is  t h e  manner i n  which t h e  tube  is  a i r  cooled, A special 

c o o l i n g  arrangement  w a s  r e q u i r e d  t o  a v o i d  microphonics  which 

c o u l d  i n t r o d u c e  d e t r i m e n t a l  spu r ious  phase modulat ion i n t o  t h e  

o p e r a t i o n  of t h e  laser homodyne spectrometer. The topics of 

t h i s  q u a r t e r  are d i s c u s s e d  b e l o w .  

2 

[l] Observa t ion  of Time-Dependent Concen t r a t ion  Fluc-  

we (1 1 t u a t i o n s .  Using a He-Ne laser homodyne spectrometer, 

have observed f o r  t h e  f i r s t  t ime t h e  f requency  spectrum of t h e  

time-dependent c o n c e n t r a t i o n  f l u c t u a t i o n s  i n  a b i n a r y  l iquid 

mix tu re  j u s t  above t h e  c r i t i c a l  t empera ture .  

The system s t u d i e d  w a s  a cyc lohexane-ani l ine  m i x t u r e ,  

53% cyclohexane and 47% a n i l i n e  by weight .  The m i x t u r e  w a s  

c o n t a i n e d  i n  a c y l i n d r i c a l  g l a s s  c e l l  i n  a cons t an t - t empera tu re  

e n c l o s u r e ,  t h e  tempera ture  of which c o u l d  be a d j u s t e d  and  h e l d  
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c o n s t a n t  t o  about  1 X 10-3"C over ex tended  p e r i o d s  of t i m e .  

The frequency spectrum w a s  observed  f o r  v a r i o u s  temper- 

a t u r e s  above t h e  c r i t i c a l  tempera ture .  Some r e p r e s e n t a t i v e  

s p e c t r a  are shown i n  F i g .  1 3 .  A s  t h e  sample approached i t s  

c r i t i c a l  tempera ture  T from above, a d e f i n i t e  narrowing o f  t h e  

wid th  of t h e  scattered l i g h t  w a s  observed  a s  shown i n  F ig .  1 4  

where t h e  s c a t t e r i n g  a n g l e  w a s  20.5'from t h e  forward d i r e c t i o n .  

The l i n e w i d t h  a t  a p a r t i c u l a r  tempera ture  and s c a t t e r i n g  a n g l e  

w a s  found t o  be independent  b o t h  of t h e  sample c e l l  t h i c k n e s s  

( 3 ,  6 ,  and 10 mm) and of t h e  i n t e n s i t y  of t h e  laser beam, in-  

d i c a t i n g  t h a t  m u l t i p l e  s c a t t e r i n g  and h e a t i n g  e f f e c t s  p l a y  o n l y  

a minor r o l e .  The l i n e s  w e r e  q u i t e  w e l l  f i t t e d  by a Loren tz i an  

curve  a s  a n t i c i p a t e d .  

C 

W e  have a lso i n v e s t i g a t e d  t h e  dependence of  l i n e w i d t h  on 

s c a t t e r i n g  angle .  

c o r r e l a t i o n  f u n c t i o n  f o r  a pu re  l i q u i d  nea r  i t s  c r i t i c a l  p o i n t  

and p r e d i c t e d  t h a t  t h e  s h a p e  of t h e  scattered l i n e ' d u e  t o  den- 

s i t y  f l u c t u a t i o n s  i s  Loren tz i an  w i t h  a ha l f -wid th  p r o p o r t i o n a l  

Van Hove ( 2 )  h a s  c o n s t r u c t e d  t h e  space-time 

- 3  + -+ 2 t o  K and  kf  

v e c t o r s  of t h e  i n c i d e n t  and scattered waves 

s e q u e n t l y ,  t h e  wid th  should  be p r o p o r t i o n a l  

8 i s  t h e  forward s c a t t e r i n g  a n g l e .  W e  have 

where Iz l= lk  -k I and where k f o  0 
are t h e  p ropaga t ion  

r e s p e c t i v e l y .  Con- 

t o  s i n  8/2 ,  where 

v e r i f i e d  t h a t  t h i s  

2 

r e l a t i o n  ho lds  f o r  c o n c e n t r a t i o n  f l u c t u a t i o n s ,  and t h e  r e s u l t s  

are shown i n  F i g .  1 5 .  

[ 2 ]  Var i ab le  Volume P r e s s u r e  C e l l .  A v a r i a b l e  volume 

p r e s s u r e  ce l l  has  been  des igned  and c o n s t r u c t e d .  

f e a t u r e  of t h i s  assembly i s  t h e  i n c o r p o r a t i o n  i n t o  t h e  des ign  

of  a compressible  s t a i n l e s s - s t e e l  be l lows .  T h i s  f e a t u r e  a l l o w s  

t h e  volume of t h e  c e l l  t o  be var ied over a dynamic r a n g e  of 

abou t  2 5%. 

The main 
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I n  order  t o  r e a c h  t h e  c r i t i c a l  p o i n t  of CO o r  xenon i n  
2 

a f i x e d  volume c e l l ,  it becomes necessa ry  t o  l o a d  such a c e l l  

w i t h  e x a c t  q u a n t i t i e s  of t h e  exper imenta l  subs t ance  a t  temper- 

a t u r e s  removed from t h e  c r i t i c a l  t empera tu re .  T h i s  i s  a d i f f i -  

c u l t  t a s k :  however, t h e  var iab le  volume p r e s s u r e  c e l l  makes it 

possible t o  a d j u s t  t h e  over -a l l  d e n s i t y  of t h e  m a t e r i a l  so  t h a t  

t h e  c r i t i c a l  d e n s i t y  can  be achieved .  

[ 3 ]  Arqon Laser.  A workable ,  s t ab le ,  and h o p e f u l l y ,  

long-lived argon i o n  laser h a s  been c o n s t r u c t e d .  T h i s  laser 

has  n o t  as  y e t  been t e s t e d  t o  i t s  f u l l  power c a p a b i l i t y  b u t  h a s  

been ope ra t ed  a t  o u t p u t s  of abou t  30 mW a t  4880 2 f o r  long 

periods of t i m e .  The argon laser has  a c o a x i a l  a i r - f l o w  s h i e l d  

(F ig .  16)  which a l lows  f o r  f i l a m e n t  c o o l i n g  w i t h o u t  t h e  u s e  of 

m o t o r  d r i v e n  fans .  Such f a n s  must be avoided  because  of t h e  

.- 

. 

microphonics  t h a t  t h e y  i n t r o d u c e .  A I R  FLOW I 

F i g .  16. S c h e m a t i c  diagram of a i r - c o o l i n g  s h i e l d .  

5 0  



c 

Proqram f o r  t h e  n e x t  i n t e rva l :  A t t e m p t s  will be m a d e  

d u r i n g  t h e  n e x t  q u a r t e r  t o  observe c r i t i c a l  opa le scence  i n  car- 

bon dioxide and i n  xenon. The f e a s i b i l i t y  of t h e  a rgon  laser 

w i l l  be tested and if s u c c e s s f v l ,  t h i s  t o o l  w i l l  p o s s i b l y  be 

used  t o  ex tend  t h e  tempera ture  r a n g e  of o b s e r v a t i o n  of t h e  

cyc lohexane -an i l ine  sys tern. 

*This r e s e a r c h  w a s  a l s o  s u p p o r t e d  by t h e  Army Research  

(1) H. 2. C u m i n s ,  N. Knable, and  Y, Yeh, Phys. R e v .  

(2) L. Van H o v e ,  P h y s .  R e v .  95, 249 (1964) 

Off ice under C o n t r a c t  M-31-124-ARO-D-296, 

L e t t e r s  1 2 ,  150 (1964) 

* 
b, Laser  S t u d i e s  of Molecular B i r e f r i n g e n c e  

(R. L. Disch,  S .  Golub) 

[ 11 B i r e f r i n q e n c e  Induced by an  Inhomoqeneous E l e c t r i c  

F i e l d .  P r e l i m i n a r y  m e a s u r e m e n t s  have been m a d e  on gaseous  

samples of N2 t o  check t h e  s t a b i l i t y  of  t h e  a p p a r a t u s ,  and 

measurements on CC1 are now i n  progress. 4 
[ 2 ]  A Laser Polar imeter .  The c o n s t r u c t i o n  of  t h i s  device 

is c o n t i n u i n g .  A f u r t h e r  d i s c u s s i o n  of it w i l l  be g iven  i n  t h e  

n e x t  report. 

[3]  Maqnetic B i r e f r i n q e n c e  i n  F l u i d s .  The c o n s t r u c t i o n  

of equipment f o r  t h e  measurement of t h e  Cotton-Mouton effect i n  

l i q u i d s  and p o s s i b l y  c e r t a i n  g a s e s  h a s  been started. Of special 

i n t e r e s t  is  t h e  case of paramagnet ic  s u b s t a n c e s ,  especially 

t r a n s i t i o n  m e t a l  complexes, b u t  a t t e n t i o n  w i l l  a lso be g i v e n  t o  

t h e  u s e  of t h i s  method i n  t h e  e l u c i d a t i o n  of s t r u c t u r a l  para- 

m e t e r s  i n  large molecules  which can e x i s t  i n  a h e l i c a l  form. 

*This r e s e a r c h  w a s  a lso suppor t ed  by t h e  Army R e s e a r c h  
Off ice under C o n t r a c t  DA-31-124-ARO-D-305. 
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2 .  Ruby Laser: Photon-Echo Resonance* 
( I .  D. A b e l l a ,  S .  R .  Hartmann, N .  A .  Kurn i t )  

The e f f e c t  of magnet ic  f i e l d  upon t h e  photon echo has  

been f u r t h e r  s t u d i e d .  A s  d i s c u s s e d  i n  t h e  p reced ing  Q u a r t e r l y  

P rogres s  Repor t ,  a magnet ic  f i e l d  d i r e c t e d  a l o n g  t h e  op t ic  a x i s  

is needed i n  o rde r  t o  observe  photon echoes .  It  h a s  been found 

t h a t  t h e  necessary  magnitude and s e n s i t i v i t y  t o  a l ignment  of 

t h i s  f i e l d  are dependent upon t h e  t i m e  s e p a r a t i o n  of t h e  exci-  

t a t i o n  pu l ses .  A s  t h i s  s e p a r a t i o n  is dec reased ,  it becomes 

possible t o  observe  echoes  a t  smaller v a l u e s  of f i e l d  and a t  

larger a n g l e s  between t h e  f i e l d  and t h e  op t i c  ax i s .  A t  36-nsec 

p u l s e  s e p a r a t i o n ,  echoes  beg in  t o  be observed a t  ~7 G and rapid- 

l y  i n c r e a s e  i n  ampl i tude  w i t h  f i e l d  u p  t o  ~ 5 0  G ,  a f t e r  which no 

f u r t h e r  i n c r e a s e  i s  seen .  A t  t h i s  p u l s e  s e p a r a t i o n ,  echoes  have 

been observed w i t h  t h e  magnet ic  f i e l d  a t  a n g l e s  of  u p  t o  70" 

from t h e  optic a x i s .  

I n  Fig.  1 7  i s  shown t h e  v a r i a t i o n  of echo i n t e n s i t y  w i t h  

a n g l e  8 between t h e  magnet ic  f i e l d  and  t h e  op t ic  ax is ,  f o r  t w o  

d i f f e r e n t  v a l u e s  of  p u l s e  s e p a r a t i o n  T ' . The s o l i d  l i n e s  are 

Gauss ian  cu rves  drawn through t h e  ha l f -wid ths  of t h e  experi- 

men ta l  p o i n t s .  For large p u l s e  s e p a r a t i o n s  (and consequent ly  

f o r  s m a l l  ang le s )  a f a i r l y  good f i t  t o  a Gauss ian  i s  o b t a i n e d ,  

whereas  a non-Gaussian t a i l  i s  o b t a i n e d  a t  s h o r t e r  t i m e s .  A 
2 p l o t  of t h e  ha l f -wid th  a s  a f u n c t i o n  of l / ( p u l s e  s e p a r a t i o n )  

y i e l d s  a l i n e a r  r e l a t i o n s h i p  (Fig.  18). For s m a l l  a n g l e s  t h e  

echo i n t e n s i t y  is t h e r e f o r e  described by t h e  r e l a t i o n s h i p  
2 4  I = I exp[-k0 7 3 .  

0 

The fol lowing t h e o r y  h a s  been proposed t o  account  for 

t h e  t y p e  o f  r e l a x a t i o n  described. The aluminum n u c l e i  i n  t h e  

su r round ing  A 1  0 l a t t i c e  have a s p i n  of 5/2 which i n t e r a c t s  
2 3  

r a t h e r  s t r o n g l y  w i t h  t h e  s p i n  of t h e  chromium i o n  v i a  an  
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t 

exchange i n t e r a c t i o n  t r a n s m i t t e d  by t h e  oxygen-bonding elec- 

t r o n s .  T h i s  exchange i n t e r a c t i o n  i s  responsible f o r  an  observed 

12-G l i n e w i d t h  i n  t h e  chromium paramagnet ic  r e sonance  spectrum 

and a l so  f o r  an e f f e c t i v e  f i e l d  of  several k i l o g a u s s  a t  t h e  

aluminum sites.  

which m a k e s  s o m e  angle 8 w i t h  t h e  o p t i c  a x i s ,  t h e  c h r o m i u m  

electronic sp in  w i l l  be a l i g n e d  a long  t h e  d i r e c t i o n  of t h e  mag- 

n e t i c  f i e l d  s i n c e  t h e  A ground s t a t e  h a s  a n e a r l y  isotropic 

g f a c t o r .  The aluminum n u c l e i  sur rounding  chromium sites w i l l  

be polarized i n  t h e  e f f e c t i v e  f i e l d  of t h e  chromium i o n  s i n c e  

t h i s  is much larger t h a n  t h e  a p p l i e d  f i e l d .  I f  t h e  chromium 

i o n  is now p l a c e d  i n  a s u p e r p o s i t i o n  of ground and e x c i t e d  

states by t h e  application of a n  optical  p u l s e ,  t h e  d i r e c t i o n  of 

its magnet ic  moment w i l l  be a b r u p t l y  changed because  t h e  g 

f a c t o r  of t h e  e x c i t e d  s t a t e  is h i g h l y  a n i s o t r o p i c  and  a l l o w s  

t h e  s p i n  t o  be a l i g n e d  o n l y  a long  t h e  opt ic  a x i s .  The e f f e c t i v e  

f i e l d s  a t  t h e  v a r i o u s  a luminum n u c l e i  a r e  t h e r e f o r e  a b r u p t l y  

changed i n  d i r e c t i o n ,  and t h e  aluminum s p i n s  beg in  t o  precess 

about t h e s e  new d i r e c t i o n s .  These p r e c e s s i n g  s p i n s  i n  t u r n  

produce a modulat ion of t h e  energy  leve ls  o f  t h e  chromium i o n ;  

t h a t  is, t h e  ene rgy  d i f f e r e n c e  between t h e  e x c i t e d  and ground 

states becomes a f u n c t i o n  of t i m e :  AE = A E ( t ) .  The fo rma t ion  

of a photon echo  is  dependent  upon t h e  phase  increment  g a i n e d  

i n  t h e  i n t e r v a l  ( 0 , ~ ' )  be ing  c a n c e l l e d  by t h a t  l o s t  i n  t h e  

i n t e r v a l  ( T ' , ~ T ' ) ,  and t h i s  c o n d i t i o n  is no longe r  e x a c t l y  m e t :  

I n  a n  e x t e r n a l  f i e l d  o f  a few hundred gauss ,  

4 
2 

Although it is  d i f f i c u l t  t o  t r e a t  t h i s  problem e x a c t l y  because  

of t h e  large number of ne ighbor ing  aluminum n u c l e i ,  t h e  adop t ion  

55 



of s e v e r a l  s impl i fy ing  assumptions leads t o  a r e l a x a t i o n  of t h e  

form and order  of magnitude expe r imen ta l ly  observed. 

Seve ra l  c r y s t a l s  of va ry ing  c o n c e n t r a t i o n  have been used 

t o  o b t a i n  photon echoes i n  add i t ion  t o  t h e  o r i g i n a l  0.005% 

c r y s t a l .  Echo i n t e n s i t y  a p p e a r s  t o  i n c r e a s e  approximate ly  l i n -  

e a r l y  b e t w e e n  0.005% and 0.05% i n d i c a t i n g  t h a t  t h e r e  may be s o m e  

r a d i a t i o n  damping e f f e c t s .  Exac t  comparison of t h e  re la t ive  

i n t e n s i t i e s  is  d i f f i c u l t  because t h e  e c h o - i n t e n s i t y  may depend 

on o t h e r  f a c t o r s  a s  w e l l ,  such a s  local  v a r i a t i o n s  i n  t h e  di-  

r e c t i o n  of t h e  o p t i c  a x i s .  Echoes have been o b t a i n e d  i n  a 0.5% 

c r y s t a l ,  w i t h  abou t  t h e  s a m e  i n t e n s i t y  a s  i n  t h e  0.05% c r y s t a l .  

N o  c o n c e n t r a t i o n  e f f e c t s  w e r e  observed on t h e  magne t i c - f i e ld  

dependence. 

I n  a d d i t i o n ,  photon echoes  have been o b t a i n e d  w i t h  t h e  

t w o  e x c i t a t i o n  p u l s e s  t r a v e l i n g  i n  t h e  s a m e  d i r e c t i o n .  A sec- 

ond K e r r  ce l l  was needed behind t h e  sample t o  a t t e n u a t e  t h e  

e x c i t a t i o n  p u l s e s  s u f f i c i e n t l y .  A by-product of t h i s  experiment  

w a s  t h e  obse rva t ion  of  two "secondary" echoes  caused  by t h e  

i n t e r a c t i o n  of t h e  echo w i t h  t h e  p reced ing  p u l s e s .  

A new conduct ion-cooled t a i l  s e c t i o n  h a s  been c o n s t r u c t e d  

f o r  t h e  helium sample dewar t o  a l l o w  measurements above 4 . 2 " K .  

T h i s  w i l l  be used  t o  s t u d y  r e l a x a t i o n  t i m e s  due t o  phonon i n t e r -  

a c t i o n s  w i t h  t h e  e x c i t e d  s ta te .  

P roqram for  t h e  n e x t  i n t e r v a l :  A measurement w i l l  be 

made of t h e  phonon-induced r e l a x a t i o n  t ime ,  and f u r t h e r  magnetic- 

f i e l d  a n d  c o n c e n t r a t i o n - e f f e c t  s t u d i e s  w i l l  be carried o u t .  

*This r e s e a r c h  w a s  a l s o  suppor ted  by t h e  Army R e s e a r c h  

(1) N .  Laurence,  E .  C .  McIrvine and J. Lambe, J.  Phys. 

O f f i c e  under C o n t r a c t  DA 31-124-ARO-D-224. 

Chem. S o l i d s  - 2 3 ,  515 (1962) .  
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B. RUBIDIUM MASER* 
(P. Davidov i t s  and W. A. S t e r n )  

I 1 -  During t h i s  q u a r t e r  t h e  e f f e c t  o f  op t i ca l  pumping on t h e  

f requency  o f  an opt ical ly  pumped R b  m a s e r  osc i l la tor  has  been 

i n v e s t i g a t e d .  The pumping l i g h t  c a u s e s  a s h i f t  i n  t h e  ground- 

state h y p e r f i n e  energy  l e v e l s  of R b  and  a co r re spond ing  change 

i n  t h e  oscillator o u t p u t  frequency. The magnitude and s i g n  o f  

t h e  f requency  s h i f t  are a f u n c t i o n  o f  t h e  pumping l i g h t  i n t e n -  

s i t y  and of t h e  spectral p r o f i l e  of t h e  pumping l i g h t .  

87 

87 

(1) 

I f  t h e  l i g h t  is centered on t h e  long-wavelength side of  

t h e  a t o m i c  t r a n s i t i o n ,  t h e  atomic leve l  w i l l  be s h i f t e d  t o  a 

l o w e r  ene rgy  (case A). I f  t h e  l i g h t  is c e n t e r e d  on t h e  s h o r t -  

wavelength s ide of t h e  t r a n s i t i o n ,  t h e  level  w i l l  be s h i f t e d  t o  

h ighe r  ene rgy  ( c a s e  B). T h i s  is shown schematically i n  F ig .  19. 

I n  case A [ l i g h t  c e n t e r e d  on t h e  long-wavelength s ide  o f  
2 

t h e  5S+(F=1) + 5P t r a n s i t i o n ]  

downward, and t h e  m a s e r  t r a n s i t i o n  f r equency  w i l l  i n c r e a s e .  I n  

case B [ l i g h t  c e n t e r e d  on t h e  short-wave l e n g t h  s ide  o f  t h e  

*5S ( F = l )  -. 5P t r a n s i t i o n ] ,  t h e  F= l  l e v e l  w i l l  be s h i f t e d  up- 

w a r d ,  and t h e  m a s e r  f requency w i l l  decrease. I n  both cases, 

it is  assumed t h a t  t h e r e  is negl ig ib le  i n t e n s i t y  a t  t h e  5s 

(F=2) + 5P t r a n s i t i o n  frequency so t h a t  t h e  F=2 level i s  n o t  

p u m p  d . 

t h e  F= l  l eve l  w i l l  be s h i f t e d  

+ 
% 

The frequency displacement  of  t h e  pumping l i g h t  w i t h  
87 respect t o  t h e  R b  abso rp t ion  l i n e s  h a s  been de termined  by 

spectroscopic measurements, and t h e  co r re spond ing  change i n  t h e  

osc i l la tor  frequency was measured. The measurements w e r e  m a d e  

as a f u n c t i o n  of  t h e  l i g h t  source pa rame te r s .  The s i g n  and  

magnitude of t h e  change i n  t he  o sc i l l a to r  f r equency  are con- 

s i s t e n t  w i t h  t h e  observed  l i g h t  p r o f i l e s .  The  d i sp l acemen t  o f  

t h e  pumping l i g h t  w i t h  respect t o  t h e  Rb87 a b s o r p t i o n  l i n e s  is  
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F= I I 

Hyperfine t r a n s  it i o n  f requency  s h i f t s  due t o  op t i ca l  F i g .  19.  
pumping. 
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87 caused  by t h e  nonsymmetric a b s o r p t i o n  o f  t h e  (5S, F = l  + 5P) R b  

pumping l i g h t  r e s u l t i n g  f r o m  t h e  par t ia l  overlap w i t h  t h e  

(SS,  F=2) RbS5 a b s o r p t i o n  l i n e  i n  t h e  Rb8' f i l t e r  ce l l .  

Rb85 f i l t e r  c e l l  i s  a n  i n t e g r a l  par t  o f  t h e  pumping s o u r c e . )  

The i n t e r a c t i o n  displaces t h e  pumping l i g h t  t o w a r d  t h e  s h o r t e r  

wavelength t h e r e b y  c a u s i n g  a c o n s i s t e n t  decrease i n  t h e  m a s e r  

o s c i l l a t i o n  frequency.  

(The 

S i n c e  t h e  pumping l i g h t  dependence of  t h e  osci l la tor  

f requency  i s  a s o u r c e  of i n s t a b i l i t y ,  it is d e s i r a b l e  t o  e l i m -  

i n a t e  t h e  dependence. It  i s  sugges ted  t h a t  t h e  5S, F=2 l e v e l  

may be depopula ted  and t h e  nonsymmetric a b s o r p t i o n  t h u s  e l i m -  

i n a t e d  by o p t i c a l l y  pumping t h e  Rb85 f i l t e r  ce l l .  A s u i t a b l e  

s o u r c e  f o r  pumping t h e  Rb8' f i l t e r  c o n s i s t s  of a Rb85 d i s c h a r g e  

lamp followed by a Rb87 f i l t e r  ce l l .  By t h i s  t e c h n i q u e  t h e  

d i sp lacemen t  of t h e  m a s e r  pumping l i g h t  and t h e  r e s u l t i n g  change 

i n  t h e  o s c i l l a t i o n  f requency  may be e l i m i n a t e d .  

A l s o  exper iments  i n d i c a t e  t h a t  it is  possible t o  " ta i lor"  

t h e  lamp p r o f i l e  by u s i n g  a n a t u r a l  rubidium d i s c h a r g e  pumping 

l a m p .  A t  p r e s e n t  measurements are b e i n g  m a d e  t o  correlate quan- 

t i t a t i v e l y  t h e  lamp p r o f i l e s  w i th  t h e  m a s e r  o u t p u t  f requency .  

These r e s u l t s  w i l l  be p r e s e n t e d  i n  t h e  n e x t  report. 

The equipment f o r  s tudy ing  t h e  quenching p r o p e r t i e s  of  

b u f f e r  g a s e s  is n e a r l y  completed. 

Proqrarn for t h e  n e x t  interval :  1) The i n v e s t i g a t i o n  of 

t h e  optical pumping process w i l l  c o n t i n u e .  2 )  S t u d i e s  o f  t h e  

quenching properties of b u f f e r  gases w i l l  beg in .  3 )  The re- 

des igned  vacuum-tight cavity w i l l  be assembled f o r  f u r t h e r  ex- 

per iments'. 

*This r e s e a r c h  w a s  also suppor t ed  by t h e  O f f i c e  of Naval 

( 1 ) A .  Kastler, J. Opt. SOC. Am. 53, 902 (1963) .  
R e s e a r c h  under C o n t r a c t  Nonr-4259 (10) . 
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V I  RADIOASTRONOMY 

A .  MODELS OF PLANETARY ATMOSPHERES* 
( W .  H o ,  I .  Kaufman, P. Thaddeust)  

Pre l iminary  a n a l y s i s  of t h e  microwave a b s o r p t i o n  data 

o b t a i n e d  by t h e  t u n a b l e  c a v i t y  method h a s  i n d i c a t e d  a need f o r  

ex tend ing  t h e  t empera tu re  r a n g e  i n  which measurements a r e  made 

a n d  f o r  improving t h e  s e n s i t i v i t y  of t h e  expe r imen ta l  a p p a r a t u s .  

Absorp t ion  measurements w e r e  made a t  9 .26  G c / s e c  on gas m i x t u r e s  

c o n t a i n i n g  from 5% t o  100% carbon dioxide i n  n i t r o g e n  and i n  

argon.  The measurements w e r e  repeated a t  approximate ly  30°C 

i n t e r v a l s  from -40°C t o  

c i e n t s  a t  t h e  high t empera tu res  approached t h e  l i m i t  of s e n s i -  

t i v i t y  f o r  t h e  low carbon d i o x i d e  c o n c e n t r a t i o n  mix tu res .  A 

r e l i ab le  de te rmina t ion  of t h e  temperature dependence of  absorp- 

t i o n ,  however, r e q u i r e s  a wider  r ange  of t empera tu res  t h a n  h a s  

been used  so f a r .  

+160° C. Measured a b s o r p t i o n  coef  f i- 

The ex tens ion  of t h e  o p e r a t i n g  t empera tu re  t o  what should  

be a t  l ea s t  3OO0C was achieved  by r e p l a c i n g  t h e  asbestos packing  

around t h e  tun ing  p lunger  s h a f t  w i t h  a f l e x i b l e  b e l l o w s  assembly, 

w h i c h  permitted t h e  p lunger  t o  be comple te ly  sealed w i t h i n  t h e  

c a v i t y .  The b e l l o w s  w e r e  abou t  %i i n .  i n  diameter and are  made 

of monel metal .  They have so f a r  been tested up t o  1800 p s i  

w i t h o u t  any l eaks .  A high-temperature  s i l i c o n e  f l u i d  is  used  

i n  a t h e r m i s t o r - c o n t r o l l e d  h e a t  b a t h ,  and t h e  tempera ture  i s  

monitored wi th  thermocouple j u n c t i o n s  a t t a c h e d  t o  t h e  c a v i t y .  

To i n c r e a s e  t h e  s e n s i t i v i t y  of  t h e  a p p a r a t u s  w o r k  h a s  

been concen t r a t ed  on improving t h e  accuracy  of r e a d i n g  t h e  com- 

m e r c i a l  v a r i a b l e  a t t e n u a t o r  which is  used  b o t h  t o  measure cou- 

p l i n g  and t o  set t h e  half-power l e v e l .  A t t e n u a t i o n  i s  achieved  
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i n  t h i s  r o t a r y  vane dev ice  by r o t a t i o n  of  a s e c t i o n  of c y l i n -  

drical waveguide which c o n t a i n s  a s h e e t  of absorbing m a t e r i a l ,  

and i s  a f u n c t i o n  of t h e  angle through which t h e  s e c t i o n  h a s  

t u r n e d .  The p r e s e n t  arrangement now c o n t a i n s  an  opt ical  s y s t e m  

whereby t h e  a n g l e  is  measured by t h e  d e f l e c t i o n  of  a beam o f  

l i g h t ,  r a t h e r  t h a n  by t h e  mechanical  gear system provided w i t h  

t h e  a t t e n u a t o r .  

Program for t h e  n e x t  i n t e rva l :  The r ema in ing  measurements 

a t  t e m p e r a t u r e s  up t o  3OO0C are expected t o  be completed d u r i n g  

t h e  n e x t  report period. 

‘ T h i s  r e s e a r c h  w a s  a l s o  suppor t ed  by t h e  N a t i o n a l  A e r o -  

?NASA I n s t i t u t e  f o r  Space S t u d i e s  

n a u t i c s  and  Space Admin i s t r a t ion  under  G r a n t  NsG-442 

. 
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V I I ,  X-RAY ASTRONOMY 

A.  POLARIZATION MEASUREMENTS 
( R .  C.  Isler, A.  L u r i o ,  R .  Novick) 

A d u a l  s e c t i o n  copper c o n t a i n e r  f o r  forming a s o l i d  

hydrogen s c a t t e r i n g  t a rge t  h a s  been  completed (Fig .  2 0 ) .  The 

l o w e r  chamber w i l l  ho ld  l i q u i d  hel ium f o r  t h e  r e f r i g e r a n t ;  t h e  

upper p e r f o r a t e d  s e c t i o n  w i l l  be l i n e d  w i t h  & m i l  mylar and used  

as t h e  hydrogen c o n t a i n e r .  Techniques f o r  bonding t h e  mylar t o  

t h e  copper w a l l s  are b e i n g  explored a t  t h e  p r e s e n t  t i m e .  

A second approach i s  b e i n g  c o n s i d e r e d  f o r  t h e  t a rge t  

c o n s t r u c t i o n .  L iqu id  hydrogen under approximate ly  t h r e e  atmos- 

p h e r e s  p r e s s u r e  would be used.  

be expanded through a nozz le  t o  m a i n t a i n  a tempera ture  of abou t  

22'K. A des ign  of t h i s  type  has  t h e  advantage o f  n o t  r e q u i r i n g  

l i q u i d  he l i u m .  

The gas which boiled o f f  would 

An annular  geiger coun te r  h a s  been  des igned  t o  f i t  around 

t h e  s c a t t e r i n g  c y l i n d e r  and i s  now under c o n s t r u c t i o n .  T h i s  

coun te r  h a s  s i x t e e n  s e p a r a t e  d i s c h a r g e  chambers t o  measure t h e  

angu la r  d i s t r i b u t i o n  of t h e  scattered x rays.  

Proqram f o r  t h e  n e x t  i n t e r v a l :  The f e a s i b i l i t y  of making 

b o t h  so l id  and l i q u i d  hydrogen ta rge ts  w i l l  be explored. 

*. 

c 
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Fig. 2 0 .  Hydroger: c o n t a i n e r  i n  the abs t rac t .  
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R e s e a r c h  
Wal t e r  Reed Army Medica l  C e n t e r  
Wash ing ton ,  D. C .  20012 

commanding o f f i c e r  
u .  S. Army E n g i n e e r s  R & D 
L a b o r a t o r y  
A t t n :  STTNFO Branch 
F o r t  B e l v o i r ,  V i r g i n i a  22060 

DEPARTMENT OF THE ARMk ( c o n t l  

Mr. A .  D. B e d r o s i a n  
U. S. Army E l e c t r o n i c s  
L a b o r a t o r i e s  LnO 
B u i l d i n g  26-Rm 1 3 1  
Mass I n s t i t u t e  o f  Technology 
Cambridge.  M a s s a c h u s e t t s  02139 

Director 
u .  s. Army E l e c t r o n i c s  L a b o r a t o r i e s  
F o r t  Monmouth. New J e r s e y  07703 
(1) t o  e a c h  symbol 
A t t n :  AMSELRD-DR 

X NE SR GF 
XE NO SS ADT 
XC NP PE FUXl 
XS SA PR LNR(Marine 
NR SE PF Corps  LN 

o f f  i c e )  

Commanding O f f i c e r  
u .  S.  Army E l e c t r o n i c s  R 6 D 
A c t i v i t y  
F o r t  Huachuca,  Ar i zona  85163 

Commanding O f f i c e r  
u .  S. Army E l e c t r o n i c s  R & D 
A c t i v i t y  
Whi t e  Sands  M i s s i l e  Range 
New Mexico 88002 

Commanding G e n e r a l  
u.S. Army E l e c t r o n i c s  P rov ing  Ground 
A t t n :  T e c h n i c a l  L i b r a r y .  LN-403 
F o r t  Huachuca.  A r i z o n a  85613 

DEPARTNEW OF THE NAVY 

D r .  Arno ld  S h o s t a k .  Code 427 
Head, E l e c t r o n i c s  Branch 
P h y s i c a l  S c i e n c e s  D i v i s i o n  
Department  o f  t h e  Navy 
O f f i c e  o f  Naval  R e s e a r c h  
Washington, D. C.  20360 

2 -ch ie f  o f  Naval  R e s e a r c h .  Code 427 
Department  o f  t h e  Navy 
Wash ing ton ,  D. C .  20360 

C h i e f ,  Bureau o f  Weapons 
Department  o f  t h e  Navy 
Wash ing ton ,  D. C. 20360 

C h i e f ,  Bureau o f  S h i p s  
Department  o f  t h e  Navy 
Washington.  D. C. 20360 
A t t n :  Code 680 

Commander 
0 .  S. Nava l  A i r  Development C e n t e r  
J o h n s v i l l e .  P e n n s y l v a n i a  
A t t n :  NADC L i b r a r y  

Commanding O f f i c e r  
Naval  E l e c t r o n i c s  L a b o r a t o r y  
San Diego.  C a l i f o r n i a  
A t t n :  Code 2222 

Commander 
Naval  Ordnance L a b o r a t o r y  
Whi t e  Oak, Maryland 
A t t n :  T e c h n i c a l  L i b r a r y  

u.  S. Navy P o s t  G r a d u a t e  S c h o o l  
Monte r r ey .  C a l i f o r n i a  
A t t n :  E l e c t r i c a l  E n g i n e e r i n g  Dept 

Commanding O f f i c e r  
u.  s. Navy Underwater  Sound 
L a b o r a t o r y  
F o r t  Trumbu 11 
New London, C o n n e c t i c u t  

€,-Director 
Naval  R e s e a r c h  L a b o r a t o r y  
Wash ing ton ,  D .  C.  20390 

Commanding O f f i c e r  
O f f i c e  o f  Nava l  R e s e a r c h  Branch 
Off  ice 
Navy 100. F l e e t  P. 0. Box 39 
New York,  New York 

Ch ie f  o f  Nava l  O p e r a t i o n s  
Pen tagon  OP 07T 
Washington.  D. C. 

commanding O f f i c e r  
o f f i c e  of Naval  R e s e a r c h  
Branch O f f i c e  
207 W e s t  2 4 t h  S t r e e t  
New Yoek, New York 10011 

JSD- I 

Note: One (1) copy t o  e a c h  a d d r e s s e e  u n l e s s  o t h e r w i s e  i n d i c a t e d  
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sit -1 W i l l i m  C. A thas .  SRBE 
c h i e f ,  E l e c t r o n i c s  D i v i s i o n  
D i r e c t o r a t e  of E n g i n e e r i n g  Sciences 
~ i r  ~mce  O f f i c e  of Sc ien t i f ic  
Re-ch 
Washington.  D. C. 20333 

ec-able Alexande r  El. F l a x  
A o s t  s e s + K y  of t h e  A i r  Force 
(R 6 D) 
Of f i ce  of tbe S I I c r e t z r y  of the  
Ais Force 
*Ishi+n, D. C. 20301  

Eoloulal J. T. StRRIt 
D i r e c t o r  of Science 6 Technology 
Dcplty Chief of Staff (R L D) 
OMF 
W u h i r & o m .  D. C. 20301  

3-C-b 
Air  F o r m  Off i ce  of Scientific 
Kewarch 
At tn :  IippP 
Washington, 0. C. 20333 

wl a. fiechael 
E l a c t r o n i c a  D i v i a i o n  
D i r a c t a r t e  of Engineering 
Sc ienas  

Research 
Washington. D. C. 20333 

POT- O f f i c e  of Scientific 

L t  coi win n. 
&adquarters. U W  Durum) 
Washington 25,  D. C. 

A i r  Force  O f f i c e  of Sc ien t i f ic  
R e s e a r c h  
At tn :  SPR 
Washington. D. C .  20333 

A i r  F o r a  Office of S c i u r t i f i c  
R u u r c h  
At tn :  9LI 
W a s h i n g t o n .  D. C. 20333 

coll.nder 
Ais POT- -ch D i v i s i m  
At tn :  - 
Wash- 25. D. C. 

D i r e t < Y  of -arch urd 
Rmlopaot 
Seadqmartera USAF 
At tn :  Alprp 
Waahinqtoa 2 5 ,  D. C. - 
Wrigh t  A i r  l a v e l o p e n t  Cen- 
Wr igh t -Pa t t e r son  Aw, Uiio 45433 
At tn :  fllQD 

D i r u t o r ,  A i s  U n i v e r s i t y  L i b r a r y  
-11 Aix F o r a  Base 
A l a b m a  36112 

C o U n *  
Paaearch k Technology D i v i s i o n  
APSC 
O f f i c e  of thc Scientific D i r e c t o r  
B o l l i n g  APE 25. D. C. - 
Nr Fob- -idge Pasearch 
W a t a i a a  
Of f i ce  of the Scientific D i r e c t o r  
L. 0 .  auurxI Pield 
Badfmd, lhanchu.etts  01731 

m. Lloyd &llinglrrortb 
AecTaL 
1. G. B L n s c ~  Field 
Bedford. M a s s a c h u s e t t s  01731  

-a5 
A i r  Force Cambridge R e s e a r c h  
Laboratcries 
At tn :  CRUEL 
L. 0. Bansccm F i e l d  
Bedford.  M a s s a c h u s e t t s  0 1731 

m WOTL) 
At tn :  T e c h n i c a l  L i b r a r y  
Edvards Air F o r c e  Base 
California 

DEPARmmlT (P T53 AIR WCE ( c a t )  

C-der 
E l c d r o n r c s  Sys t ems  D i v i s i o n  
(ESTI) 
O f f i c e  of t h e  S c i e n t i f i c  D i r e c t o r  
L .  G. Eanscm F i e l d  
W o r d .  UaEsachuse t t s  01731  

Space S y s t e a s  D i v i s i o n  
Los Anngeles A i r  F o r c e  Station 
Los Angeles. C a l i f o r n i a  90045 
At tn :  SSSD 

CClnaMder 
P a t r i c k  A i r  Force  B a s e  
Cocm, Florida 32925 

-der 
A i r  F o r c e  spgtaas CCmDand 
O f f i c e  of the Chief Sc ien t i s t  
AndreWS APB. “ y l M d  20331  

-der 
~ i r  F o r c e  nissile Dewlopsnt 
-tee 
At tn :  -1 
riollman A i r  F o r c e  Base. lsew 
aexico - 
A i r  For- S p e c i a l  weapons 
CaDter 
At tn :  5*01 
K k t L u d  Aix  F o r c e  Base 
Ilw llIlico 87117 

SandiA name 
~ b q u t r q u t ,  Yev llcxico 87115  
Attn:  L i b r a r y ,  Sandia lab.. 

k a. w. P*van 
u. 5. &ix €rcQ 
AFPr Scientific 6 T e c h n i c a l  
L ia ium O f f i c e  
111 E. 16 S t r s t t  
Uew York.  pol York  10003 

Arnold Ais F o r a  S t a t i o n  

A t t m  Technical Library 
T U l h U ,  FeMesnoe 

- morn) 

2-SyMls mgmeeting Group (RTD) 
At tn :  SEPm 
m i g h t - P a t t e r s o n  A i r  Force 
Base 
Ohio  45433 

Corandant 
Air F o r e  I n s t i t u t e  
o f  T u h n o l D s y  
(AU) L i b r l r y  ELI-- 

Bldg 125. Mea B 
Wrigh t -Pa t t e r son  APB 
Ohio 45433 

M U n a  Techniques Branch 
(m) B k t r o n i c s  

Techno logy  Lateratory 
A e r o n a u t i c a l  Sys t ems  D i v i s i o n  
Wright-Patterson APB 
Ohio 45433 

A e r o n a u t i c a l  R e s e a r c h  
laboratories 
At tn :  T e c h n i c a l  Library 
eiag 450 
Wright-Patterson APB 
O h i o  45133 

ma. A e r o n a u t i c a l  Sys t ems  
D i v i s i o n  
Ap S y s t e a s  Casand 
Attn:  George R. Wanner. 
Assuuw4- 2 
w r i q h t - P a t t e r s o n  AFB 
Ohio 45433 

conrrndar 
Aeroepace  Research 
Iiihoratorles 
(a) Off i ce  o f  t h e  
S c i e n t i f i c  D i r e c t o r  
Wr igh t -Pa t t e reon  APB 
Ohio 45433 

O f f i c e  o f  the C h i e f  Sc ien t i s t  
Ch ie f  of Staff,  USAF 
Washington.  D. C. 

~EPAR- cf TEE am Fmcu ( c m t l  

€Ips. A e r o n a u t i c a l  Sys t ems  
D i v i s z o n  
At tn :  ASiWEF-3 
Wr igh t -Pa t t e r son  APB 
Ohio  45433 

-ex 
Aerospace  Systfms D i v i s i o n  
APM: 
office of the S c i e n t i f i c  
D i r e c t o r  
Wr igh t -Pa t t e r son  AF8 
Ohio  45433 

Dr. John s. Burgess 
scientific D i r e c t o r  
Rca, A i r  R v e l O p n t  
AFsc 
G r i f f i s s  A i r  Force B a r  
110. S e w Y o r k  13442 - - air o r a l o ~ t  untor 
At tn :  RCOIIr2 
G r i f f i a a  A i r  Force Baw 
&me, Bew York 13442 

T e c h n i c a l  D i r e c t o r  
R O ~ C  A i r  Developcnt Centu 
G r i f f i s s  &ir Force Base 
&me. Bew York  13442 

DsPrn?UQlT OP Cmus l IcS  

E a t i m a l  Bureau of Standards 
eouldcr, Colorado 

1-Attn: Radio Library 
2-At-: Radio Standards 

Laboratory ( F i l e  91.0)  

C h i e f .  I npu t  &-ion 
CPSTI. S i l l s  h i l d i n g  
5285 port -1 Road  
S p r i n g f i e l d ,  V i r q i n i a  22151 

degll- -- 
1-13. s. ~ t m i c  m g y  Corriasioa 

1901 Cmatitntion Aweme. P. W. 
Washington 2 5 .  D. C. 

llaruqer Operations 
U. 8 .  A t o r i c  L n v g y  Cari8ston 
100 V a r i c k  S t r e e t  
llrw York. York  10014 

1-At-: L i b r a r y  Section 

v. s. A ~ C  ~ncrgy M a s i o n  
P. 0.  Box E, C a k  Ridge ,  Tennessee 

D i v i s i o n ,  ORE 

Uati-1 A e r o n a u t i c s  a n d  
space A L b U n i s t r a t i o n  
~rucking Sys tems  D i v i s i o n  
Gaddard Space Fl ight  Center 
Washington 25,  D. C. 

4-Attn: T e c h n i c a l  I n f o M t i o n  

1-At-: m. P.  0.  Vonbun, Code 4 2 0 5  

N a t i o n a l  A e r o n a u t i c s  and 
space A d m i n i s t r a t i o n  
O f f i c e  of Advanced Research 
Techno logy  
1512  a Street, N. W. 
Washington 2 5 ,  D. C .  

l-Attn: Q. R .  Barrison. Code RRB 

Beadquarters 
E a t i o n a l  A e r o n a u t i c s  and 
Space Adminiatration 
400 Maryland Avenue. S. W. 
Washingtm 2 5 ,  D. C. 

1-At-: O f f i c e  of A p p l i c a t i o n s ,  
code PC 

N a t i o n a l  A e r o n a u t i c s  and 
Space A b i n i E t r a t i o n  
W a s h i n g t o n  2 5 .  D. C. 

and C o n t r a c t s  Code: SC 

S c i e n t i f i c  and T e c h n i c a l  1- 
f o r m a t i o n  F a c i l i t y  
P. 0. Box 5700, Bethesda. Maryland 

(S-AXDL) 

3-Attn: O f f i c e  of R e s e a s c h  Grants 

1-Attn: EASA R e p r e s e n t a t i v e s  



NON-GOVERNMENT LIST 

B r i t i s h  J o i n t  S e r v i c e s  Miss ion  
(Navy S t a f f )  
P.  0. Box 165,  Benlamin F r a n k l i n  
S t a t i o n  
Washington 6 ,  D. c. 

1-Attn:  Ur F. H. Powell  

Canad ian  J o i n t  S t a f f  
2450 Massachuse t t s  Avenue, N .  W. 
Washington.  D. C .  

1-Attn:  Defense R e s e a r c h  Member 

G e n e r a l  Dynamlcs /As t ronau t i c s  
P. 0. Box 1128 
San Diego 12. C a l i f o r n i a  

M a i l  Zone 595-4 

G i l f i l l a n  B r o t h e r s ,  I n c .  
1815 Venice Bou leva rd  
Los Angeles .  C a l i f o r n i a  

1 -At tn :  Dr D. H. Garbe r .  

1-Attn:  Countermeasures  Labora to ry  

1-Hughes Research Labora to ry  
P. 0. Box 338. Malrbu,  C a l i f o r n i a  

1 - I n s t i t u t e  f o r  Defense  Ana lyses  
Communications Resea rch  D i v i s i o n  
Von Neumann H a l l  
P r i n c e t o n .  New J e r s e y  

The Johns  Hopkins U n i v e r s i t y  
C a r l y l e  Barton Labora to ry  
C h a r l e s  and 3 4 t h  S t r e e t s ,  
B a l t i m o r e  18. Md 

1-Attn:  L i b r a r i a n  

1-The Johns Hopkrns U n i v e r s i t y  
A p p l i e d  Phys ic s  L a b o r a t m y  
8 6 2 1  Georg ia  Avenue 
S i l v e r  S p r i n g ,  Maryland 

The Mar t in  Company 
P o s t  O f f i c e  Box 5837 

J O I N T  SERVICES DISTRIBUTION 

NON-GOVERNMENT LIST ( c o n t )  NON-GOVERNMENT LIST ( c o n t )  

P o l y t e c h n i c  I n s t i t u t e  of Brooklyn 
55 Johnson S t r e e t  
Brook lyn ,  New York 11201 

1-Attn:  Mr Jerome Fox 
Resea rch  S u p e r v i s o r  

Raytheon Company 
28 Seyon S t r e e t  
Waltham 54, M a s s a c h u s e t t s  

1-Attn:  Resea rch  D l v i s i o n  L a b o r a t o r y  

Director 
C o o r d i n a t e d  S c i e n c e  L a b o r a t o r i e s  
U n i v e r s i t y  o f  I l l i n o i s  
Urbana ,  I l l i n o i s  

S t a n f o r d  U n i v e r s i t y  
D i r e c t o r ,  S t a n f o r d  E l e c t r o n i c s  Labs .  
S t a n f o r d ,  C a l i f o r n i a  

1-Attn:  H.  He f fne r  

S t a n f o r d  U n i v e r s i t y  
Microwave L a b o r a t o r y  
W. W .  Hansen L a b o r a t o r i e s  o f  
P h y s i c s  
S t a n f o r d ,  C a l i f o r n i a  

1-Attn:  L i b r a r i a n  
1-Attn:  J. L i n v i l l  

S y l v a n i a  E l e c t r i c  P r o d u c t s ,  I n c  
100 Sy lvan  Road 
Woburn. M a s s a c h u s e t t s  

L i b r a r y  

U n i v e r s i t y  o f  C a l i f o r n i a  
Department  o f  E n g i n e e r i n g  
Berke ley  4 ,  C a l i f o r n i a  

1-Attn:  P r o f e s s o r  J .  R. S i n g e r  
D i v i s i o n  o f  E l e c t r i c a l  
E n g i n e e r i n g  

L a b o r a t o r y  

1-Attn:  E l e c t r o n i c s  D i v i s i o n  

1-Attn:  E l e c t r o n i c s  Resea rch  

U n i v e r s i t y  o f  U tah  
Microwave Dev ices  L a b o r a t o r y  
S a l t  Lake C i t y ,  U tah  

1-Attn:  Dr R. W. Grow 

FOREIGN LIST 

(Cop ies  are t r a n s m i t t e d  v i a :  
O f f i c e  o f  F o r e i g n  Programs 
O f f i c e  o f  Defense  Resea rch  
and  E n g i n e e r i n g  
Pentagon B u i l d i n g  
Washington 25 ,  D. C. 
A t t n :  F. D. Hege) 

Commonwealth S c i e n t i f i c  and  
I n d u s t r i a l  R e s e a r c h  O r g a n i z a t i o n  
N a t i o n a l  S t a n d a r d s  L a b o r a t o r y  
U n i v e r s i t y  Grounds.  C i t y  Road 
Ch ippenda le ,  N.  S .  W., A u s t r a l i a  

D i v i s i o n  o f  E l e c t r o t e c h n o l o g y  

N a t i o n a l  R e s e a r c h  C o u n c i l  
S u s s e x  D r i v e  
Ot t awa ,  Canada 

1-Attn:  G .  S e r z b e r g .  D i r e c t o r  
D i v i s i o n  o f  Pure  P h y s i c s  

The B r i t i s h  Thomson-Houston 
Q., Ltd .  
Rugby, Warwicksh i r e ,  Eng land  

1-Attn:  Dr R. Dunsmulr ,  
R e s e a r r h  L a b o r a t o r y  

C e n t r a l  E l e c t r i c i t y  R e s e a r c h  
L a b o r a t o r i e s  
K ings ton  Road 
L e a t h e r h e a d ,  S u r r e y .  England 

1 -At tn :  F. J. Lehany. C h i e f  

1-Attn:  D r  P e t e r  C h e s t e r  
S o l i d - s t a t e  P h y s i c s  S e c t i o n  

The C la rendon  L a b o r a t o r y  
P a r k s  Road 
Oxford,  England 

1-Attn:  Dr 8. Bleaney 
Or lando ,  F l o r i d a  U n i v e r s i t y  o f  Sou the rn  C a l i f o r n i a  

1-Attn:  The L i b r a r y .  M a i l  MP-30 Los A n s e l e s .  C a l i f o r n i a  90007 
1-Attn:  E l e c t r i c a l  E n g i n e e r i n g  

D i r e c t o r  Department  
Resea rch  Labora to ry  o f  E l e c t r o n i c s  1-Attn:  E l e c t r o n i c  S c i e n c e s  
Mass. I n s t i t u t e  of Techno loqy  Labor  a t o r y  
Cambz idge .  M a s s a c h u s e t t s  02 139 

1 -At tn :  Documents Room 

M a s s a c h u s e t t s  I n s t i t u t e  o f  
Technology 
L i n c o l n  Labora to ry  
Lex ing ton  73, M a s s a c h u s e t t s  

1-Attn:  Dr J .  W .  Meyer 

1-Microwave A s s o c i a t e s .  Inc .  
S o u t h  Avenue 
B u r l i n g t o n .  M a s s a c h u s e t t s  

N a t i o n a l  S c i e n c e  Founda t ion  
Washington 25 ,  D. C.  

I 1-Attn:  D i r e c t o r  

The Ohio S t a t e  U n i v e r s i t y  
Antenna Labora to ry  
Depar tment o f  E l e c t r i c a l  
Eng inee r ing  
2024 N e i l  Avenue 
Columbus 10, Ohio 

1 - A t t n :  S e c u r i t y  O f f i c e r  

U n i v e r s i t y  of Co lo rado  
Resea rch  Service L a b o r a t o r i e s  
Bou lde r ,  Co lo rado  

2-Attn: T e c h n i c a l  C o o r d i n a t o r  

U n i v e r s i t y  o f  Michigan 
I n s t i t u t e  o f  S c i e n c e  and 
Technology 
P.  0. BOX 618 
Ann Arbor ,  Michigan 

1-Attn:  I R I A  

The U n i v e r s i t y  o f  Texas  
Department  o f  E l e c t r r c a l  
E n g i n e e r i n g  
A u s t i n ,  Texas  78712 

1-Attn:  P r o f e s s o r  A .  A .  Dougal  

U n i v e r s i t y  of Michigan 
Wil low Run L a b o r a t o r i e s  
P. 0. Box 2008 
Ann Arbor ,  Michigan 

1 -Techn ica l  D o c m e n t s  S e r v i c e s  

D i r e c t o r  of E n g m e e r i n g  and U n i v e r s i t y  of  Michigan 
A p p l i e d  Phys ic s  E n g i n e e r i n g  Research I n s t i t u t e  
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